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All Those in Favor 
National Library Week—16-22 March 1958 


Law of Parity Conservation and Other Symmetry Laws: C. N. Yang 
Weak Interactions and Nonconservation of Parity: T. D. Lee 


Science, Industry, and the Abuse of Rights of Way: F. E. Egler 

News Articles and Briefs; Scientists in the News; Recent Deaths 

Constitutional and Environmental Interactions in Rearing of Four Breeds of Dogs: 
D. G. Freedman 

New Test for Tranquilizers: D. S. Blough 


Hormone-Induced Ovarian Development in Mosquitoes: J. R. Larsen 


Testing a Servoanalytic Hypothesis for Pupil Oscillations: 
L. Stark and T. N. Cornsweet 


Preparation of an Apoprotein from Ceruloplasmin by Reversible Dissociation of 
Copper: A. G. Morell and I. H. Scheinberg 


Severe Arteriosclerosis and Other Diseases in the Rat Produced by 
Corticotrophin: B. C. Wexler and B. F. Miller 


Use of Arginine to Eliminate Medium Changes in Tissue Culture Systems: s 
Wh! FT ROmag CRB hay «sinc ca <b a Saag ale mos 2 9s ES Eset 0) a ik dd ai S91 


Oxygen Equilibrium of Phascolosoma agassizii Hemerythrin: C. Manwell 


Separation of Human Plasma Protein Concentrate with Insulin Activity: 


H. N. Antoniades 
Evidence for the Metabolism of Maleic Acid in Dogs and Human Beings: W. Sacks 


Neurotoxoid Interference in Macacus rhesus Infected Intramuscularly with 
POrGWITUs: “AE; SWOROETS CME Go cicids. . . ts Ugg es We es Vaogineldnn Raeen 


Shift of Oxidases with Morphogenesis in the Slime Mold, Physarum polycephalum: 
J]. M. Ward 


An Introduction to Algebraic Topology; The Reproductive Development of the 
Female; Trophoblastic Growths; Principles of Stratigraphy; Language: An Enquiry 
into Its Meaning and Function; Insect Life in the Tropics; Thermodynamics and 
Statistical Mechanics; Induced Delusions; Dangerous Properties of Industrial Ma- 
terials; New Books; Miscellaneous Publications 


Nuclear Structure; Society Elections; Forthcoming Events 


Letters 
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Thomas Henry Huxley...on pure and applied science 


“T often wish that this phrase, ‘applied science, 
had never been invented. For it suggests that there 
is a sort of scientific knowledge of direct practical 
use, which can be studied apart from another 
sort of scientific knowledge, which is of no practi- 
cal utility, and which is termed ‘pure science. 


But there is no more complete fallacy than this. 


What people call applied science is nothing 
but the application of pure science to particular 
classes of problems. It consists of deductions from 
those general principles, established by reasoning 
and observation, which constitute pure science. No 
one can safely make these deductions until he has 


a firm grasp of the principles.’” —Science and Culture 


THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 


A nonprolit organization engaged in research on problems related to national security and the public interest 
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SAUNDERS 









New (Srd) Edétion! 





The student will get a firm grasp of 
nerve structure and function from 
this book. The author presents the 
principles of neurology before at- 
tempting to explain details. In this 
way the student is not confused by a 
' mass of unrelated anatomical data, 
physiological events, signs and symp- 
toms. The text covers basic neuro- 
anatomy, the physiological processes, 
and the fundamental relationship of 
psychology to the higher nerve cen- 
ters. All the material is fully under- 




















) illustrations. 













Your students will find this greatly 
expanded and revised New (2nd) 
| Edition useful in two ways. First, it 
serves as a manual of basic experi- 
| ments, demonstrating the principles 
of anatomy and physiology. Second, 
after the student fills in the blank 
pages and labels the drawings, the 
manual becomes an excellent review 
of the semester’s work. It is designed 
for the one semester combined course 

































































By Antoun W. Grass, M.A., Ph.D.; 
pages, 81.” x 11”, illustrated. 
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By Ernest Garpner, M.D., Professor of Anatomy, Wayne State University College of Medicine 


and Cartes L. 


Gardner's 


standable to the student who has had 
a minimum background in biology. 
This New (3rd) Edition features: a 
completely rewritten chapter on 
Gross Anatomy of the Central Nerv- 
ous system; a thorough revision of 
the chapter on The Peripheral Nerv- 
ous System; extensive changes in 


the chapter on The Cerebellum. Re- 


vised sections include: Neuronal 


Junctions—Degeneration and Regen- 


The Thalamus. 


eration— 


New 2ud) Edition!’ Glass and Hamrum’'s 


ANATOMY and PHYSIOLOGY 
LABORATORY MANUAL 


in anatomy and physiology. It is 
readily adaptable for use with any 
standard textbook in colleges. 

This manual is a simple, uncompli- 
cated one. The materials required for 
the experiments are common and 
readily available. For'this New (2nd) 
Edition the physiological material has 
been strengthened, and new sections 
are included on the 
nervous system. 


muscles and 






, Detroit, Michigan. 


Hamrum, M.A., Department of Biology, Gustavus Adolphus College, St. 


TEXTBOOKS 





FUNDAMENTALS or NEUROLOGY 


PARTIAL CONTENTS 


Descriptive and 
Analytical Meth- 
ods 

The Central Nerv- 
ous System 

The Peripheral 
Nervous System 

Blood Supply and 
Cerebrospinal 
Fluid 

Formation and De- 
velopment of the 
Nervous System 

Microscopic Anat- 
omy of the Nerv- 
ous System 

Structures Mediat- 
ing Reception and 
Response 


The General Senses 
and Their Affer- 
ent Pathways 

The Special Senses 
and Their Affer- 
ent Pathways 

The Spinal Cord, 
Spinal Nerves 
and Peripheral 
Nerves 

The Brain Stem 

Motor and Sensory 
Functions of the 
Cerebral Cortex 

Associative Func- 
tions of the 
Cerebral Cortex 

Chemistry of the 
Nervous System 


About 284 pages, 542” x 842”, with 154 
New (3rd) Edition — Just Ready! 


NEW & REWRITTEN MATERIAL 


Osmosis 

Sedimentation Rate 
of Red Corpuscies 

Dialysis 

Musclesof the Med- 
ial Surface of the 
Left Hind Leg of 
the Fetal Pig 

Muscle Charts 

Muscles of the Lat- 
eral Surface of 
the Right Fore- 
limb of the Fetal 
Pig 


Gladly Sent To Teachers For Consideration As Texts 


Superficial and Deep 
Muscles of the 
Lateral Surface 
ofthe Right Hind 
Leg of the Fetal 
Pig 

Muscles, Glands & 
Major Blocd Ves- 
sels of the Neck 
of the Fetal Pig 

Sucrase Activity 

Lipase Activity 

The Kidney 


Peter, Minnesota. About 100 
New (2nd) Edition — Ready April! 
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Important books on a variety of scientific subjects . . . 


ION EXCHANGE RESINS, Fourth Edition 


By R. Kunin, Rohm & Haas Company. Fully updated 
to include the latest developments in the field, this second 
edition provides detailed descriptions of the nature and 
preparation of all kinds of ion exchange resinous materials. 
The author covers what ion exchange resin types to use, 
how to design equipment and experiments, how to com- 
pare competitive resins, how to re-evaluate resins after they 
are used, and economic analysis of the use of ion exchange. 


Increased by 50% over the previous edition, this version | 
covers many aspects only recently declassified. There is new 
material on such topics as synthesis, atomic energy, ion 
exchange resins in agriculture, hydrometallurgy, stability, 
permselective membranes, liquid ion exchangers, and cataly- 
sis. Rewritten sections appear on theory, test procedures, 
ion exchange resins for sugar, and the economics of ion © 
exchange. 1958. 467 pages. $11.00. 


TELEVISION in SCIENCE and INDUSTRY 


By V. K. ZworykIn, E. G. RaMBERG, and L. E. Fiory, 
all of RCA Laboratories. Explores in depth the various 
functions of closed-circuit, or industrial, television. An- 
alyzing both equipment and applications, the authors dis- 
cuss for the first time in book form closed-circuit color 
television and improvements achieved by transistorization. 
Also described are stereo television, specialized television 


methods in research, television microscopy, etc. The prin- 
cipal fields of application of television in industry, research, 
medicine, education, commerce, military affairs, home, and 
farm are outlined. In the final chapters the authors fore- 
cast the future developments of closed-circuit television. 
1958. 300 pages. $10.00. 


QUANTITATIVE ANALYSIS, Second Edition 


By W. C. Pierce, University of California, Riverside; 
E. L. HaeniscH, Wabash College; and D. T. Sawyer, 
University of California, Riverside. Long recognized as a 
classic in quantitative analysis, this work is now thoroughly 
modernized to meet changes in the analytical chemistry 
program. Several new determinations have been added, in- 
cluding those of calcium by titration with a complexing 
agent, of nickel by precipitation with dimethylglyoxime, 
and of zinc by electrodeposition; colorimetric determina- 
tions by colorimeter or filter photometer; and electrometric 


titrations with a commercial pH meter. A new section is 
included on evaluation of data and precision of instruments, 
based on statistical methods for use with small populations. 
The treatment of electromotive force of cells and their ap- 
plication to oxidation-reduction equilibria is simplified, 
Liberal use is made of the Lowry-Brénsted treatment of 
acid-base equilibria, although a conventional treatment is 
retained for the hydrolysis of salt solutions. A wide variety 
of questions and problems is included. 1958. 497 pages. 

Prob. $5.75. 


BONE and RADIOSTRONTIUM 


By A. ENcstr6m, The Caroline Institute, Stockholm; 
and R. BJORNERSTEDT, C.-J. CLEMEDSON, and A. NELSON, 
all of the Research Institute of National Defense, Stock- 
holm. Discusses the problem of radiation hazards and pro- 
vides new calculations of Strontium 90 in bone. The 
authors utilize the modern biophysical approach to struc- 
ture and physiology of bone as well as to the quantitative 
aspects of internal radiation from Sr®*°. X-ray microscopy 


and X-ray crystallography play an important part in this 
investigation of radiation effects. Some of the major topics [ 
covered are the metabolism of strontium, distribution of [ 
mineral salts in the skeleton, results of actual experiments [7 
performed with animals, and methods for deducing the f 
body’s safe absorption limit of radioactive strontium. Ex- J 
tensive references to the literature follow each chapter. 
1958. In press. 


The EXPLORATION of SPACE by RADIO 


By R. Hansury Brown and A. C. B. Lovett, both of 
the University of Manchester, England. Describes the major 
techniques of radio astronomy and recent results of the 
investigation of the universe by radio methods. Also cov- 
ered are such topics as location of point sources of radio 
noise, meteors, the current work on radiation of power 
from separate sources, the sun, and the effects of the 
ionosphere on transmitted radio waves. The entire field of 


radio astronomy is surveyed, including radio echo (radar); 
techniques for investigating various aspects of the solar 
system; and the receiving techniques which are used to [ 
study the solar, galactic, and extragalactic radio emissions. f 
The book contains the first published account of the Jod- 
rell Bank radio telescope, the largest in the world..,1958. 
In press. 


Send today for your examination copies 


JOHN WILEY & SONS, Inc. 


440 Fourth Avenue, New York 16, N.Y. 
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Dr. Norman Kirk, Ph.D., Pennsylvania State 
University (1946), is now manager of the 
Chemical Process Research Section at the 
General Electric Research Laboratory. 
He has made contributions to the study 
of distillation processes, absorption, sol- 
vent extraction, and petroleum refining. 


Research in exotic fuels 


12 years ago Dr. Norman Kirk began contributions 
to this field at the General Electric Research Laboratory 


During the past year, headlines have begun telling 
the exciting possibilities of new high-energy chemical 


) fuels for jet engines and rockets. These boron-based 


fuels can produce half again as much energy per 
pound as the best petroleum products, and they are 
expected to give longer range and higher speed to 
missiles as well as aircraft. 

The transition of boron hydrides from a test-tube 
novelty to an important factor in national defense 


| began shortly after World War II when a group of 
| chemists at the General Electric Research Laboratory 
» entered upon a seven-year program to seek methods 
| of manufacturing diborane (B.H,) and pentaborane 
| (B;H,) in large quantities. 


Dr. Norman Kirk had a key role in the development 


} and construction of the first pilot plant for these early 


exotic fuels. He and his associates combined scien- 
tific knowledge and engineering skill to develop 
practical methods for making and handling boron 


hydrides. By the time General Electric’s pioneering 
program had been completed in 1953, Dr. Kirk’s 
group had successfully solved the problems created 
by the fact that boron hydrides have a toxicity equal 
to deadly war gas, and some have explosive charac- 
teristics so critical that contact with only a small 
amount of air can be catastrophic. 

Until now, national security requirements have 
delayed public recognition of past work in boron hy- 
drides by Dr. Kirk and his associates. But their con- 
tributions were an outstanding example of the kind 
of fundamental groundwork that must be done before 
new scientific knowledge can actually be applied to 
the defense of our nation. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 





















~ HLEILLLL__ BALANCES 


ARE TRULY MODERN 


MASSES CANNOT BE COMPARED DIRECTLY . 
A BEAM BALANCE WEIGHS BY COMPARING FORCES. 


THE ARMS OF A BEAM BALANCE ACT AS LEVERS. 








i . : ; eee a 

When the comparison between sample and control weights is made ia — - 

on two different beam arms, the pull of gravity produces torques en | 
v 


in the common fulcrum which counteract each other. Therefore, 
these two arms must be absolutely equal in length. 
ON THE METTLER SUBSTITUTION BALANCE, sample and 


weights are compared on one and the same beam arm. A lever error 


cannot possibly occur, because this simple beam arm will always 





remain equal to itself, irrespective of any variation in its length. 





HOW ACCURATE IS YOUR BALANCE? 





The arm lengths of an equal-arm, three knife-edge balance should 


be checked periodically. This is how you can do it easily: 


1. Set the zero point of the unloaded 
balance. 


4. Calculate (watch for + and — signs) : 

















A lever error = FIRST READING + SECOND READING 








2. Load the balance on both pans with 2 

two weights of the same denomina- 

tion (for example: 100 g). Note the B_ weight difference: = FIRST READING — SECOND READING 
first reading. 2 


5. If the construction of your equal-arm 
balance appears to foreclose the possibil- 
ity of checking the lever-arm error, please 
let us know. We shall send you a memo- 
randum describing the procedure. 


3. Switch weights and note the second 
reading. 


Let us show you what METTLER substitu- | / | Ma le | ial i da 


tion balances can do for you. Write to us 
today for our complete file on METTLER INSTRUMENT CORPORATION 


balances. 
HIGHTSTOWN, N. J. 
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unsurpassed for image quality and operational versatility 


E273 ORTHOLUX eesc1001 uiceoscore 


The ORTHOLUX microscope has no equal as a research tool in 
the leading scientific laboratories in the country. Its superla- 
tive optical qualities and unique operational features are 
appreciated by an ever-growing number of users. Focusing is 
controlled with low-position, table-level adjustment knobs that 
raise and lower the ball-bearing stage. Thus, without altering 
convenient eyepiece height, and with the instrument stage in 
clear view at all times, fatigue-free operation is assured. 


The built-in illuminating system of the ORTHOLUX is designed 
for transmitted or incident light or combined illumination. The 
ORTHOLUX can be equipped with accessories for the following 
applications: 


@ BRIGHT FIELD ILLUMINATION 


4 we @ DARK FIELD OBSERVATION 


@ PHASE CONTRAST 
@ POLARIZED LIGHT 


@ ULTROPAK 

INCIDENT LIGHT 

(for fibers, textiles, 
capillaries, etc.) 


@ FLUORESCENT 
ILLUMINATION 


@ CINE- AND 
PHOTO- 
MICROGRAPHY 





@ VARIOCOLOR 
@ MICRO DRAWING 


@ TABLE AND 
WALL PROJECTION 


@ XENON ILLUMINATION 





See and examine the ORTHOLUX microscope soon. 
Send for the ORTHOLUX brochure, Department SC-3. 
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E. LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Distributors of the woritid-famous preducts af a 
Ernst Leitz G.m.b.H., Wetzlar. Germany-—Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES : MICROSCOPES - BINOCULARS 
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PERGAMON PRESS ARE NOW DISTRIBUTING THE 
FOLLOWING TITLES ON BEHALF OF AGARD (Advisory 
Group for Aeronautical Research and Development, 

North Atlantic Treaty Organization) 






























SELECTED COMBUSTION PROBLEMS I. | AGARDograph 8. 
Fundamentals and Aeronautical Applications. | THEORY OF COMBUSTION 
Combustion Colloquium. Cambridge University, | INSTABILITY IN LIQUID PROPELLANT . @ 
England, December 7 to 11, 1953. | ROCKET MOTORS. —— 
$8.00 | by Luigi Crocco and Sin-I Cheng. 
$5.25 
SELECTED COMBUSTION PROBLEMS II. 
Transport Phenomena; Ignition; Altitude AGARDograph 9. ce 
Behavior and Scaling of Aeroengines. COMBUSTION RESEARCHES AND 
Combustion Colloquium. Liége, Belgium. REVIEWS. 1955 
December 5 to 9, 1955. $12.50 a . 
Invited papers presented at the 6th and 7th 
AGARDograph 5. AGARD Combustion Panel Meetings held 
ANTHROPOMETRY AND HUMAN sagen ang mg 9 The Netherlands, 
ENGINEERING. May, 04, and In Faris, france, 


Nov er, 1954. $5. 
A Symposium on Anthropometry, Human remhe, ee 


Engineering and Related Subjects was conducted 
. by the AGARD Aeromedical Panel on | AGARDograph 15. 
May 3 and 4, 1954, in Scheveningen, | COMBUSTION RESEARCHES AND 
The Netherlands. $3.00 | REVIEWS, 1957. 


$5.60 





AGARDograph 6. 


COLLECTED PAPERS ON AVIATION 


: PROBLEM F VISION IN FLIGHT 
Presented at Aeromedical Panel Meetings of AT HIGH peo oy 


the Advisory Group for Aeronautical CRI 
Research and Development, Palais de Chaillot. | Thomas C. D. Whiteside, Ph.D., M.B., Ch.B., 
Paris. $5.00 | Institute of Physiology, University of Glasgow 
and Royal Air Force Institute of 
AGARDograph 7. Aviation Medicine, Farnborough, Hants. 


INTRODUCTION TO THE STUDY OF | *-° 
CHEMICAL REACTIONS IN FLOW 
SYSTEMS. | AGARDograph 29. 
by S. S. Penner, Daniel and Florence Guggen- | POLAR ATMOSPHERE SYMPOSIUM. 
heim Jet Propulsion Center, California Institute | Part II. lonospheric Section. Edited 
of Technology, Pasadena, California. | by Dr. K. Weekes. 
$3.00 | $10.50 










GEO te 4 SAT 




























Forthcoming Publications 


AGARD THIRD COMBUSTION AND | HIGH TEMPERATURE EFFECTS IN 
PROPULSION PANEL COLLOQUIUM. | AIRCRAFT STRUCTURE. 
March 17, 1958. Palermo, Sicily. | Edited by N. J. Hoff (AGARDograph 28). 
OPERATIONS RESEARCH by Max Davies. | 12-00 


POLAR ATMOSPHERE SYMPOSIUM. | AIR INTAKE PROBLEMS IN 
Part I. Meteorology. $12,00 | SUPERSONIC PROPULSION. 
RECENT ADVANCES OF INSTRUMENTA- | Edited by J. Fabri. 
TION OF INTEREST IN AVIATION | ‘AGARDograph 27). 


MEDICINE. $12.00 | wEDICAL ASPECTS OF 
AGARD MULTILINGUAL AERONAUTICAL | FLIGHT SAFETY. 
DICTIONARY. Edited by J. Frenot. | (AGARDograph 30). 



















Write for fully descriptive leaflet 


PERGAMON PRESS 


NEW YORK LONDON PARIS LOS ANGELES 
122 East 55th Street, New York 22, N.Y. 4 and 5 Fitzroy Square, London, W.1. 
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SCIENCE is indexed in the Reader’s Guide to 
Periodical Literature. 

Editorial and personnel-placement correspond- 
ence should be addressed to SCIENCE, 1515 
Massachusetts Ave., NW, Washington 5, D.C. 
Manuscripts should be typed with double spacing 
and submitted in duplicate. The AAAS assumes no 
responsibility for the safety of manuscripts or for 
the opinions expressed by contributors. For de- 
tailed suggestions on the preparation of manu- 
Scripts, book reviews, and illustrations, see Science 
125, 16 (4 Jan. 1957). 

Display-advertising correspondence should be 
addressed to SCIENCE, Room 740, 11 West 42 
St., New York 36, N.Y. 


Change of address notification should be sent to 
1515 Massachusetts Ave., NW, Washington 5, D.C., 
4 weeks in advance. If possibie, furnish an address 
stencil label from a recent issue. Be sure to give 
both old and new addresses, including zone num- 
bers, if any. 

Annual subscriptions: $8.50; foreign postage, 
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All Those In Favor 


There is an important difference between the major bills for federal sup- 
port of education now being considered by Congress and those that have 
been introduced in former years. In general—and of course there are excep- 
tions—the major current bills emphasize improvement of quality, while 
earlier ones emphasized funds for school construction and for general pur- 
poses. Thus both the Administration bill and the Hill-Elliott bill (see 
analysis and comparison of these bills in Science, p. 389, 21.Feb. 1958) 
provide funds, in some cases with matching funds provided by the states, 
for the employment of additional teachers of science and mathematics or 
the improvement of salaries of teachers in these fields, for the employment 
of consultants or supervisors to improve teaching in science and mathe- 
matics, for help to teachers who wish to improve their knowledge of the 
subjects they are teaching, for the purchase of laboratory equipment, and 
for scholarships and fellowships for superior students. 

Most of these provisions are of interest to the large number of scientists 
who are concerned with improving our educational system. Yet relatively 
few scientists have expressed their interest effectively as far as members of 
Congress are concerned. There are two easy explanations. First, only re- 
cently has general information concerning the major bills been widely avail- 
able. Second, it is not the custom of the scientific community to “write to 
your Congressman.” From the Congressman’s standpoint, however, the lack 
of expression of interest means lack of interest. Members of Congress are 
quite ready to say that they depend to a considerable extent upon the volun- 
tary expressions of interest and advice they receive from their constituents 
and that they find these expressions a useful guide in deciding what is desir- 
able and what is wanted by the informed members .of the public. In fact, 
several members of Congress have made it clear that they would like very 
much to receive more advice from persons who are well informed concern- 
ing educational and scientific matters. 

At present, probably the most useful advice would concern general prin- 
ciples to be observed in legislation and the types of federal support that 
would be most desirable. There is not yet any bill ready for vote, and, for 
that matter, the bills that will be voted on have probably not yet been 
written. After the conclusion of hearings that are now being held, it is 
likely that the responsible committees will write new bills based upon those 
already submitted but modified on the basis of information and advice 
received during the hearings or in correspondence. When these bills have 
been written, it will be appropriate to express endorsement or criticism of 
specific bills or provisions of those bills. 

The responsible committee in the Senate is the Committee on Labor and 
Public Welfare (Lister Hill, Ala.; James E. Murray, Mont.; Mathew M. 
Neely, W. Va.; John F. Kennedy, Mass.; Pat McNamara, Mich.; Wayne 
Morse, Ore.; Strom Thurmond, S.C.; H. Alexander Smith, N.J.; Irving M. 
Ives, N.Y.; William A. Purtell, Conn.; Barry Goldwater, Ariz.; Gordon 
Allott, Colo.; and John Sherman Cooper, Ky.), and in the House of Rep- 
resentatives, the Subcommittee on Education (Carl Elliott, Ala.; George S. 
McGovern, S.D.; Edith Green, Ore.; Stuyvesant Wainwright, N.Y.; and 
Donald W. Nicholson, Mass.). Letters, telegrams, or personal visits to any 
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of these committee members, and, indeed, to any member of either House, 
would be appropriate and helpful. 

Decisions in science are reached by a' somewhat different method from 
decisions in Congress; hence the rules of the “scientific game” are quite 
different from those of the “Congressional game.” But it is Congress that 
will enact legislation affecting science and education, and it is Congress 
that writes the rules for deciding on the legislation to be enacted. One of 
those rules is that persons who have an informed interest in proposed legis- 
lation are expected to tell Congress what they want.—D. W. 


National Library Week—16-22 March 1958 


Wake up and read! is the slogan of a nationwide campaign to increase 
the reading of books which will reach its climax during National Library 
Week, 16-22 March 1958. Sponsored jointly by the American Library 
Association and the National Book Committee (“a society of citizens de- 
voted to the use of good books” founded in 1954), the campaign will stress 
the. joys and profits of better reading. The AAAS, NEA, and many other 
national educational, cultural, and technical organizations have heartily en- 
dorsed this undertaking. State and local committees everywhere are active 
in promoting library open house, special exhibits, programs, and a myriad 
of other events and activities to focus attention in two directions, on the 
great wealth of good books flowing regularly from the presses and on the 
underutilized, and often inadequate, library resources in the United States. 

A 1955 Gallup poll disclosed that 61 percent of American adults had not 
read a book, other than the Bible, during the previous year and that only 
17 percent of those interviewed were reading a book at the time of the 
survey. From other surveys we learn that America is only one-third as 
literate as Great Britain and only one-fifth as literate as Sweden, in terms 
of adult book reading. We are told that one-half of American adults live 
within a mile of a public library, but only one-fifth of them ever enter it. 
Among American college students the situation is equally unpromising, for 
the average reading of this group is one book a month, and it is reported 
that many find it possible to complete a college curriculum without any 
reading other than assigned textbooks. Is the fact that only 12 percent of 
the homes constructed during the past decade have built-in bookshelves a 
clue? We think it is. 

Two conferences on the development of lifetime reading habits, one 
with reference to secondary education held in June 1954, and one with 
reference to college undergraduates held at the University of Michigan 
21-22 February 1958, disclosed that an inquiring mind and permanent in- 
terests in reading usually are developed initially in the home and supple- 
mented by the resources of the community library. While some “converts” 
may be made of nonreaders during high school and college days, the per- 
centage is small. If there are few or no books at home, and if the com- 
munity and school libraries (where they do exist) are unattractive, poor in 
book resources, and uninspired in administration, then there is no climate 
for the growth of the will-to-know and the development of a lifetime com- 
panionship with books. 

The AAAS, in cooperation with the National Science Foundation, has 
operated since the fall of 1955 an experimental traveling high school sci- 
ence library to encourage collateral reading in science and mathematics by 
high school students so that their perspectives might thereby be broadened 
and their interest in science careers stimulated. This program and its book- 
list have been very popular. The proportion of science and mathematics 
books in the libraries of schools applying for the program usually is quite 
small, and often the few books available are out of date. In many instances 
the annual amount appropriated for school library books is no more than 
the sum necessary to replace lost or worn-out books. 

Let National Library Week turn our attention to our home library situ- 
ation, to the improvement of the facilities and resources of our school and 
community libraries, and to the unprecedented wealth of good books now 
in print in the United States which should be used more widely and effec- 
tively —Hiary J. Deason, AAAS, 
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____Kedak reports on: 


a fish story with a picture to prove it... hacking out carbonyl compounds of biological origin 


This is a microradiograph of a striped bass scale. In micro- 
radiography one passes low-voltage x-rays through a speci- 
men to a special fine-grain photographic emulsion in intimate 
contact with it. The resulting photographic image then be- 
comes a subject for conventional photographic enlargement 
or photomicrography. If you already know that much, there 
is then some point in requesting of Eastman Kodak Com- 
pany, Special Sensitized Products Division, Rochester 4, 


N. Y., information about an improved material for this 
work which we hope to have available in the near future. The 
same source can also provide a recently updated bibliography 
on results and techniques with microradiography. 

But don’t ask us about striped bass and the lessons to be 
learned from their scales or their stripes. Ask the Fish and 
Wildlife Service of the U. S. Department of the Interior in 
Washington. 


Colored handles 


We have a project to develop (more 
candidly, to keep an eye on) rea- 
gents that would provide colored 
handles for various classes of com- 
pounds so that you could tell where 
they wound up in chromatographic 
separation. Then you could hack 
out these sections or spots and go 
to work on them. In p-Phenylazo- 
benzoyl Chloride (Eastman 5549) 
we have had such a reagent for 
sterols, sugars, and amino acids. 
(Procedural abstract on request.) 
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Now in 4-(p-Phenylazophenyl)-semi- 
carbazide (Eastman 7443, 5 grams 
for $4.30) we have one for carbonyl- 
containing compounds. In this case, 
instead of a mere abstract we offer 
you the far greater thrill of working 
out the entire procedure for your- 
self. Push off from J.A.C.S. 77,6693 
(1955), where this compound is 
considered for the isolation of car- 
bonyl compounds of biological ori- 
gin, trioses in particular. There is a 
part where they tell how to prepare 
the reagent. That_you now skip. 


We can chant some 3600 variations of 
this same basic theme, since there are 
some 3600 Eastman Organic Chemicals 
obtainable from Distillation Products 
Industries, Rochester 3, N. Y. (Division 
of Eastman Kodak Company). Anyone 
who prepares one of these compounds 
himself instead of buying it 
from us may have too much 
time on his hands. 


Price quoted is subject to 
change without notice. 
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SERIES ST MICROSCOPES... 
STANDARD TEACHING Standard 
laboratory microscope stand; large 
stage; separate fine and coarse focusing; 
10X eyepiece; double nosepiece; color- 
coded objectives: 10X, 0.25 N.A. and 
43X, 0.55 N.A.; prefocusing gage; disc 
diaphragm; Optilume illuminator or 
mirror $117. 
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FREE DEMONSTRATION! 
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Law of Parity Conservation 


and Other Symmetry Laws 


It is a pleasure and a great privilege 
to have this opportunity to discuss the 
question of parity conservation and 
other symmetry laws. We shall be con- 
cerned first with the general aspects of 
the role of the symmetry laws in phys- 
ics, second, with the development that 
led to the disproof of parity conserva- 
tion, and last, with a discussion of some 
other symmetry laws which physicists 
have learned through experience but 
which do not yet together form an in- 
tegral and conceptually simple pattern. 
The interesting and very exciting devel- 
opments since parity conservation was 
disproved will be covered by T. D. Lee 


in his lecture (1). 


Symmetry Principles 


The existence of symmetry laws is in 
full accordance with our daily experi- 
ence. The simplest of these symmetries, 
the isotropy and homogeneity of space, 
are concepts that date back to the early 
history of human thought. The invari- 
ance of mechanical laws under a coordi- 
nate transformation of uniform velocity, 
also known as the invariance under Gali- 
lean transformations, is a more sophisti- 
cated symmetry that was early recognized 
and that formed one of the cornerstones 
of Newtonian mechanics. The conse- 





Dr. Yang is a professor of physics at the Insti- 
tute for Advanced Study, Princeton, N.J. This 
article is the lecture which he delivered in Stock- 
holm, Sweden, on 11 Dec. 1957, when he was 
awarded the Nobel prize in physics, a prize which 
he shared with Tsung-Dao Lee. The lecture is 
published with the permission of the Nobel Foun- 
dation. Dr. Lee’s Nobel lecture also appears in 
this issue. 
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C. N. Yang 


quences of these symmetry principles 
were greatly exploited by physicists of 
past centuries and gave rise to many im- 
portant results. A good example in this 
direction is the theorem that in an iso- 
tropic solid there are only two elastic 
constants. 

Another type of consequences of the 
symmetry laws relates to the conserva- 
tion laws. It is common knowledge to- 
day that, in general, a symmetry prin- 
ciple (or, equivalently, an invariance 
principle) generates a conservation law. 
For example, the invariance of physical 
laws under space displacement has as a 
consequence the conservation of mo- 
mentum, and the invariance under space 
rotation has as a consequence the conser- 
vation of angular momentum. While the 
importance of these conservation laws 
was fully understood, their close rela- 
tionship with the symmetry laws does 
not seem to have been clearly recog- 
nized until the beginning of the 20th 
century (2) (see Fig. 1). 

With the advent of special and gen- 
eral relativity, the symmetry laws gained 
new importance: Their connection with 
the dynamic laws of physics took on a 
much more integrated and interdepend- 
ent relationsh’, than in classical me- 
chanics, where, logically, the symmetry 
laws were only consequences of the dy- 
namical laws that, by chance, possess the 
symmetries. Also in the relativity theo- 
ries the realm of the symmetry laws was 
greatly enriched to include invariances 
that were by no means apparent from 
daily experience. Their validity, rather, 
was deduced from or was later confirmed 
by complicated experimentation. Let me 
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emphasize that the conceptual simplicity 
and intrinsic beauty of the symmetries 
that so evolve from complex experiments 
are, for the physicists, great sources of 
encouragement. One learns to hope that 
nature possesses an order that one may 
aspire to comprehend. 

It was not, however, until the devel- 
opment of quantum mechanics that the 
use of the symmetry principles began to 
permeate into the very language of phys- 
ics. The quantum numbers that designate 
the states of a system are often identical 
with those that represent the symmetries 
of the system. It indeed is scarcely pos- 
sible to overemphasize the role played 
by the symmetry principles in quantum 
mechanics. To quote two examples: The 
general structure of the periodic table is 
essentially a direct consequence of the 
isotropy of Coulomb’s laws. The exist- 
ence of the antiparticles—namely, the 
positron, the antiproton, and the anti- 
neutron—were theoretically anticipated 
as consequences of the symmetry of 
physical laws with respect to Lorentz 
transformations. In both cases nature 
seems to take advantage of the simple 
mathematical representations of the sym- 
metry laws. When one pauses to con- 
sider the elegance and the beautiful per- 
fection of the mathematical reasoning 
involved and contrast it with the com- 
plex and far-reaching physical conse- 
quences, a deep sense of respect for the 
power of the symmetry laws never fails 
to develop. 

One of the symmetry principles—the 
symmetry between the left and the right 
—is as old as human civilization. The 
question whether nature exhibits such 
symmetry was debated at length by phi- 
losophers in the past (3). Of course, in 
daily life, left and right are quite dis- 
tinct from each other. Our hearts, for 
example, are always on our left sides. 
The language that people use, both in 
the Orient and the Occident, carries 
even a connotation that right is good 
and left is evil. However, the laws of 
physics have always shown complete 
symmetry between the left and the right, 
the asymmetry in daily life being attrib- 
uted to the accidental asymmetry of the 
environment, or to the initial conditions 
in organic life. To illustrate the point, I 
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might mention that if there existed a 
mirror-image man with his heart on his 
right side, his internal organs reversed 
as compared with ours, and in fact his 
body (for example sugar 
molecules) the mirror image of ours, and 
if he ate the mirror image of the food 
that we eat, then according to the laws 


molecules 


of physics, he should function as well as 
we do. 

The law of right-left symmetry was 
used in classical physics but was not of any 
great practical importance there. One 
reason for this derives from the fact that 
right-left symmetry is a discrete symme- 
try, unlike rotational symmetry which is 
continuous. Whereas, in classical mechan- 
ics, the continuous symmetries always led 
to conservation laws, a discrete symmetry 
does not. With the introduction of quan- 
tum mechanics, however, this difference 
between the discrete and continuous 
symmetries disappears. The law of right- 
left symmetry then leads also to a con- 
servation law: the conservation of parity. 

The discovery of this conservation law 
dates back to 1924, when Laporte (4) 
found that energy levels in complex 
atoms can be classified into “gestrichene” 
and “ungestrichene” types, or, in more 
recent language, even and odd levels. In 
transitions between these levels during 
which one photon is emitted or ab- 
sorbed, Laporte found that the level al- 
ways changes from even to odd or vice 
versa. Anticipating later developments, 
we remark that the evenness or oddness 
of the levels was later referred to as the 
parity of the levels. The even levels are 
defined as having parity +1, the odd 
levels, parity -1. One also defines the 
photon emitted or absorbed in the usual 
atomic transitions as having odd parity. 
Laporte’s rule can then be formulated 
as the statement that, in an atomic tran- 
sition, with the emission of a photon, the 
parity of the initial state is equal to the 
total parity of the final state—that is, 
the product of the parities of the final 
atomic state and the photon emitted. In 
other words, parity is conserved, or un- 
changed, in the transition. 

In 1927 Wigner (5) took the critical 


Table 1. Classes and strengths of interac- 
tions. 





Class 


Strength 
1, Nuclear forces 1 
2. Electromagnetic forces 10° 
3. Weak forces 
(decay interactions ) 10" 
ip 


4. Gravitational forces 
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Fig. 1. Relationship between conservation laws and symmetry laws. 


and profound step of proving that the 
empirical rule of Laporte is a conse- 
quence of the reflection invariance, or 
right-left symmetry, of the electromag- 
forces in the atom. This funda- 
mental idea was rapidly absorbed into 


netic 


the language of physics. Since right-left 
symmetry was unquestioned also in other 
interactions, the idea was further taken 
over into new domains as the subject 
matter of physics extended into nuclear 
reactions, $-decay, meson interactions, 
and strange particle physics. One be- 
came accustomed to the idea of nuclear 
parities as well as to that of atomic 
parities, and one discusses and measures 
the intrinsic parities of the mesons. 
Throughout these the 
concept of parity and the law of parity 
conservation proved to be extremely 
fruitful, and the success was, in turn, 
taken as a support for the validity of 


developments, 


right-left symmetry. 


Theta-Tau Puzzle 


Against such a background the so- 
called §-t puzzle developed in the last 
few years. Before I explain the meaning 
of this puzzle it is best to go a little bit 
into a classification of the forces that 
act between subatomic particles, a classi- 
fication which the physicists have learned 
through experience to use in the last 50 
years. The four classes of interactions, 
together with their strengths, are listed 
in Table 1. 

The strongest interactions are the nu- 
clear which include the 
forces that bind nuclei together and the 
interactions between the nuclei and the 
x mesons. These also include the inter- 
actions that give rise to the observed 
strange particle production. The inter- 
actions of the second class are the elec- 
tromagnetic interactions, about which 


interactions, 


physicists know a great deal. In fact, 
the crowning achievement of the physi- 
cists of the 19th century was a detailed 
understanding of the electromagnetic 
forces. With the advent of quantum 
mechanics, our understanding of electro- 
magnetic forces gave, in principle, an ac- 
curate, integral, and detailed descrip- 
tion of. practically all the physical and 
chemical phenomena of our daily ex- 
perience. The third class of forces, the 
weak interactions, was first discovered 
around the beginning of this century in 
the B-radioactivity of nuclei—a_phe- 
nomenon which, especially in the last 25 


years, has been extensively studied ex- | 


perimentally. With the discovery of x-n, 


u-e decays and p capture, it was noticed | 


independently by Klein, by Tiomno and 
Wheeler, and by Lee, Rosenbluth, and 
(6) that these 
roughly the same strengths as 6-inter- 
actions. They are called weak interac- 
tions, and in the last few years their rank 
has been constantly added to through 


me interactions 


the discovery of many other weak inter- f 


actions responsible for the decay of the 


strange particles. The consistent and f 


striking pattern of their almost uniform 
strength remains today one of the most 
tantalizing phenomena—a topic which 
we shall come back to later. About the 
last class of forces, the gravitational 
forces, we need only mention that in 
atomic and nuclear interactions they are 
so weak as to be completely negligible 
in all observations made with existing 
techniques. 

Now to return to the @—t puzzle. In 
1953 Dalitz and Fabri (7) pointed out 
that, in the decay of the § and t mesons, 


o> K+ 
TORAH 
some information about the spins and 


parities of the t and @ mesons can be ob- 
tained. The argument is, very roughly, a 
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follows. It has previously been deter- 
mined that the parity of a x meson is 
odd (that is, equals —1). Let us first 
neglect the effects due to the relative 
motion of the a-mesons. To conserve 
parity in the decays, the 8 meson must 
have the total parity or, in other words, 
the product parity, of two = mesons, 
which is even (that is, equals +1). 
Similarly, the t meson must have the 
total parity of three x-mesons, which is 
odd. Actually, because of the relative 
motion of the a-mesons, the argument 
was not as simple and unambiguous as 
here set forth. To render the argument 
conclusive and definitive, it was neces- 
sary to study experimentally the momen- 
tum and angular distribution of the x 
mesons. Such studies were made in 
many laboratories, and by the spring of 
1956 the. accumulated experimental 
data seemed to indicate unambiguously, 
along the lines of reasoning discussed 
above, that @ and t do not have the same 
parity and, consequently, that they are 
not the same particle. This conclusion, 
however, was in marked contradiction 
to other experimental results which also 
became definite at about the same time. 
The contradiction was known as the 
“@-t puzzle” and was widely discussed. 
To recapture the atmosphere of that 
time, I shall quote a paragraph concern- 
ing the conclusion that 6 and t are not 
the same particle from a report, entitled 
“Present knowledge about the new par- 
ticles,” which I gave at the International 
Conference on Theoretical Physics in 
Seattle, Washington, in September 
1956 (8): 

“However it will not do to jump to 
hasty conclusions, This is because ex- 
perimentally the K mesons [that is, t and 
§] seem all to have the same masses 
and the same lifetimes. The masses are 
known to an accuracy of, say, from 2 to 
10 electron masses, or a fraction of a 
percent, and the lifetimes are known to 
an accuracy of, say, 20 percent. Since 
particles which have different spin and 
parity values, and which have strong in- 
teractions with the nucleons and pions, 
are not expected to have identical masses 
and lifetimes, one is forced to keep the 
question open whether the inference 
mentioned above that the t and 6 are 
not the same particle is conclusive. 
Parenthetically, I might add that the 
inference would certainly have been re- 
garded as conclusive, and in fact more 
well founded than many inferences in 
physics, had it not been for the anomaly 
of mass and lifetime degeneracies.” 

The situation that the physicist found 
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himself in at that time has been likened 
to that of a man in a dark room groping 
for an outlet. He is aware of the fact 
that in some direction there must be a 
door which would lead him out of his 
predicament. But in which direction? 

That direction, it turned out, lay in 
the faultiness of the law of parity con- 
servation for the weak interactions. But 
to uproot an accepted concept one must 
first demonstrate why the previous evi- 
dences in its favor are insufficient. T. D. 
Lee and I (9) examined this question in 
detail, and in May 1956 we came to the 
following conclusions. (i) Past experi- 
ments on the weak interactions had ac- 
tually no bearing on the question of 
parity conservation. (ii) In the strong 
interactions—that is, interactions of 
classes 1 and 2 (Table 1)—there were 
indeed many experiments that estab- 
lished parity conservation to a high de- 
gree of accuracy, but not to a sufficiently 
high degree to be able to reveal the ef- 
fects of a lack of parity conservation in 
weak interactions. 

The fact that it was believed for so 
long, without experimental support, that 
the law of parity conservation held 
good for the weak interactions, was very 
startling. But what was more startling 
was the prospect that a space-time sym- 
metry law, which the physicists have 
learned so well, may be violated. This 
prospect did not exactly appeal to us. 
Rather, we were, so to speak, driven to 
it through frustration in the various other 
efforts at understanding the §—-t puzzle 
that had been made (10). 

As I shall mention later, there is 
known in physics a conservation law— 
the conservation of isotopic spin—that 
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Fig. 2. Schematic diagram of experiment 
to test parity conservation in B-decay. 





holds for interactions of class 1 but 
breaks down when weaker interactions 
are introduced. Such a possibility of an 
approximate symmetry law was, however, 
not expected of the symmetries related 
to space and time. In fact, one is 
tempted to speculate, now that parity 
conservation has been found to be vio- 
lated in the weak interactions, whether 
in the description of the weak interac- 
tions the usual concept of space and time 
is adequate. At the end of this discussion 
I shall have occasion to come back to a 
closely related topic. 

Why was it the case that among the 
multitude of experiments on B-decay— 
the most exhaustively studied of all the 
weak interactions—there was no infor- 
mation on the conservation. of parity in 
the weak interactions? The answer de- 
rives from a combination of two reasons. 
First, the fact that the neutrino does not 
have a measurable mass introduces an 
ambiguity that rules out (11) indirect 
information on parity conservation from 
such simple experiments as the spectrum 
of B-decay. Second, to study directly 
parity conservation in B-decay, it is not 
enough to discuss nuclear parities, as 
one had always done. One must study 
parity conservation of the whole decay 
process. In other words, one must de- 
sign an experiment that tests right-left 
symmetry in the decay. Such experi- 
ments had not been made. 


Test of Parity Conservation +f 
in the Weak Interactions 


Once these points were understood, it 
was easy to point out what were the ex- 
periments that would unambiguously test 
the previously untested assumption of 
parity conservation in the weak interac- 
tions. T. D. Lee and I proposed (9), in 
the summer of 1956, a number of such 
tests concerning B-decay, x1, w-e and 
strange particle decays. The basic prin- 
ciples involved in these experiments are 
all the same: One constructs two sets 
of experimental arrangements which are 
mirror images of each other, and which 
contain weak interactions. One then ex- 
amines whether the two arrangements 
always give the same results in terms of 
the readings of their meters (or coun- 
ters). If the results are not the same, 
one has an unequivocal proof that right- 
left symmetry, as we usually understand 
it, breaks down. The idea is illustrated in 
Fig. 2, which shows the experiment pro- 
posed to test parity conservation in 
B-decay. 
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This experiment was first performed 
in the latter half of 1956, and was fin- 
ished early in 1957, by Wu, Ambler, 
Hayward, Hoppes, and Hudson (12). 
The actual experimental setup was very 
involved, because to eliminate disturb- 
ing outside influences, the experiment 
had to be made at very low tempera- 
tures. The technique of combining a 
measurement of B-decay with low-tem- 
perature apparatus had not been known 
before and constituted a major difficulty, 
which was successfully solved by these 
authors. To their courage and their skill 
physicists owe the exciting and clarify- 
ing developments of the past year con- 
cerning parity conservation. 

As a result of their experiment, Wu, 
Ambler, and their collaborators found 
that there is a very large difference in 
the readings of the two meters illustrated 
schematically in Fig. 2. Since the be- 
havior of the other parts of their appa- 
ratus observes right-left symmetry, the 
asymmetry that was found must be at- 
tributed to the B-decay of cobalt. Very 
rapidly after these results were made 
known, many experiments were per- 
formed which further demonstrated the 
violation of parity conservation in vari- 
ous weak interactions (/). 


Discussion 


The breakdown of parity conservation 
brings into focus a number of questions 
concerning symmetry laws in physics 
which I shall now briefly discuss in gen- 
eral terms: 

1) The experiment of Wu, Ambler, 
and their collaborators also proves (13, 
14) that charge conjugation invariance 
(15) is violated for B-decay. Another 
symmetry, called time-reversal invari- 
ance (/6), is at the present moment still 
being experimentally studied for the 
weak interactions. 

The invariances—re- 
flection invariance, charge conjugation 
invariance, and time-reversal invariance 
—are connected by an important the- 
orem (17, 18), called the CPT theorem. 
Through the use of this theorem one 
can prove (/3) a number of general re- 
sults concerning the experimental mani- 
festations of the possible violations of the 
three symmetries in the weak interac- 
tions. 

Of particular interest is the possibil- 
ity that time-reversal invariance in the 
weak interactions may turn out to be 
intact. If this is the case, it follows from 
the CPT theorem that, although parity 
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conservation breaks down, right-left 
symmetry will still hold if (19) one 
switches all particles into antiparticles 
in taking a mirror image. In terms of 
Fig. 2, this means that if one changes all 
the matter that composes the apparatus 
at the right into antimatter, the meter 
reading would become the same for the 
two sides if time-reversal invariance 
holds. It is important to notice that, in 
the usual definition of reflection, the 
electric field is a vector and the mag- 
netic field a pseudovector, while in this 
changed definition their transformation 
properties are switched. The transfor- 
mation properties of the electric charge 
and the magnetic charge are also inter- 
changed. It would be interesting to spec- 
ulate on the possible relationship be- 
tween the nonconservation of parity and 
the symmetrical or unsymmetrical role 
played by the electric and magnetic 
fields. 

The question of the validity of the 
continuous space-time symmetry laws 
has been discussed to some extent in the 
past year. There is good evidence that 
these symmetry laws do not break down 
in the weak interactions. 

2) Another symmetry law that has 
been widely discussed is that giving rise 
to the conservation of isotopic spin (20). 
In recent years the use of this symmetry 
law has produced a remarkable empiri- 
cal order among the phenomena con- 
cerning the strange particles (2/). It is, 
however, certainly the least understood 
of all the symmetry laws. Unlike Lorentz 
invariance or reflection invariance, it is 
not a “geometrical” symmetry law re- 
lating to space-time invariance proper- 
ties. Unlike charge conjugation invari- 
ance (/8) it does not seem to originate 
from the algebraic property of the com- 
plex numbers that occur in quantum 
mechanics. In these respects it resembles 
the conservation laws of charge and 
heavy particles. The latter laws, how- 
ever, are exact, while the conservation 
of isotopic spin is violated upon the in- 
troduction of electromagnetic interac- 
tions and weak interactions. An under- 
standing of the origin of the conservation 
of isotopic spin and how to integrate it 
with the other symmetry laws is undoubt- 
edly one of the outstanding problems in 
high-energy physics today. 

3) I have mentioned before that all 
the different varieties of weak interac- 
tions share the property of having very 
nearly identical strengths. The experi- 
mental work on parity nonconservation 
in the past year reveals that they very 
probably also share the property of not 





respecting parity conservation and 
charge conjugation invariance. They 
therefore serve to differentiate between 
right and left once one fixes one’s defi- 
nition of matter versus antimatter. One 
could also use the weak interactions to 
differentiate between matter and anti- 
matter once one chooses a definition 
of right versus left. If time-reversal in- 
variance is violated, the weak interac- 
tions may even serve to differentiate 
simultaneously right from left and mat- 
ter from antimatter. One senses herein 
that the origin of the weak interactions 
may be intimately tied in with the ques- 
tion of the differentiability of left from 
right and: of matter from antimatter. 
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tion laws of charge, energy, momentum, 
and angular momentum. This fact is 
more precisely formulated as the “law of 
conservation of heavy particles,” which 
states that if to each heavy particle we 
assign a heavy particle number +1, to 
each antiheavy particle a heavy particle 
number —1, and to each light particle 
a corresponding number 0, then in all 
known physical processes the algebraic 
sum of the heavy particle numbers is 
absolutely conserved. One of the sim- 
plest evidences of the validity of this 
law is the fact that we, or our galaxy, 
have not disintegrated into radiation 
and other light particles. 

Figure 1 shows all the known heavy 
particles (and antiheavy particles). All 
heavy particles except the nucleons are 
called hyperons and are labeled by cap- 
ital Greek letters. The solid lines repre- 
sent particles that have already been ob- 
served, while the dotted lines represent 
particles that are expected to exist from 
general theoretical arguments. All known 
heavy particles have half-integral spins. 
Figure 2 shows all the known light par- 
ticles. Among these, the e*, u* and v, V 
have half-integral spins. They are called 
leptons. The rest—photons, pions, and 
K-mesons—have integral spins. 

The interactions (not including the 
gravitational forces) between these par- 
ticles can be- classified into three distinct 
groups. 

1) Strong interactions. This group is 
responsible for the production and the 
scattering of nucleons, pions, hyperons 
(that is, A*, 2, and so forth), and 





21. A. Pais [Phys. Rev. 86, 663 (1952)] introduced 
the idea of associated production of strange 
particles. An explanation of this phenomenon 
in terms of isotopic spin conservation was 
pointed out by M. Gell-Mann [Phys. Rev. 92; 
833 (1953)] and by K. Nishijima [Progr. 
Theoret. Phys. (Kyoto) 12, 107 (1954)}. 
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spin conservation leads to a convenient quan- 
tum number called “‘strangeness.” 


K-mesons. It is characterized by a coup- 
ling constant f?/ he = 1. 

2) Electromagnetic interactions. The 
electromagnetic coupling constant is 
e?/ he=1/137. 

3) Weak interactions. This group in- 
cludes all known nonelectromagnetic de- 
cay interactions of these elementary 
particles and the recently observed ab- 
sorption process of neutrinos by nu- 
cleons (2). These interactions are char- 
acterized by coupling constants g?/he = 
Baw 

The law of conservation of parity is 
valid for both the strong and the elec- 
tromagnetic interactions but is not valid 
for the weak interactions. This discussion 
will be mainly concerned with the re- 
cently observed effects of nonconserva- 
tion of parity in the various weak inter- 
actions. 


Noninvariance under Mirror 
Reflection and Charge Conjugation 


The weak interactions cover a large 
variety of reactions. At present there are 
about twenty known phenomenologically 
independent reactions ranging from the 
decay of various hyperons to the decay 
of light particles. Within the last year, 
many critical experiments have been per- 
formed to test the validity of the law of 
conservation of parity in these reactions. 
We shall first summarize the experimen- 
tal results together with their direct theo- 
retical implications. Next, we shall dis- 
cuss some further possible consequences 
and theoretical considerations. 

§-Decay. The first experiment that 
conclusively established the honconserva- 
tion of parity was that on B-angular dis- 
tribution from polarized cobalt-60 nuclei 
(3) (Fig. 3). The cobalt-60 nuclei are 
polarized by a magnetic field at very low 
temperatures. Indeed, in this experi- 
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ment, the circular direction of the elec- 
tric current in the solenoid that pro- 
duces the polarizing magnetic field, to- 
gether with the preferential direction of 
the B-ray emitted, differentiates in a 
very direct way a right-handed system 
from a left-handed system. Thus the 
nonconservation of parity or the nonin- 
variance under a mirror reflection can 
be established without reference to any 
theory. 

Furthermore, from the large amount 
of angular asymmetry observed, it can 
also be established (4) that the B-decay 
interaction is not invariant under a 
charge conjugation operation. That this 
can be concluded without performing 
the extremely difficult (in fact, almost 
impossible) experiment using anticobalt- 
60 is based on certain theoretical de- 
ductions under the general ‘framework 
of local field theory. In the following we 
shali try to sketch this type of reason- 
ing (5). 

Let us consider the B-decay process, 
Say, 


n>pterty, (1) 
in which each particle is described by a 
quantized wave equation. In particular 
the neutrino is described by the Dirac 
equation (6) 


Lug 

Yu 5, W=0, (2) 
w=1 ae 

where 3, Yo) Ya, Y4 are the four (4x 4) 
anticommuting Dirac matrices and x,, 
Xo, X3, X,=ict are the four space-time 
coordinates. For each given momentum 
there exist two spin states for the neu- 
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trino and two spin states for the antineu- 
trino, These may be denoted by vp, vz, 
Vp, Vy. If we define the helicity se to be 


(3) 


ai aA 
with o as the spin operator and p the 
unit vector along the momentum direc- 
tion, then these four states have, respec- 


died aA 
KH =0: fp, 


tively, helicities equal to +1, -1, -1 
and +1 (Fig. 4). Mathematically, this 
decomposition of states corresponds to a 
separation of yw, into a right-handed part 
Wp and a left-handed part y,, with 


Wr = rt pr, (4) 
where 
pr = 3(1— Ys) (5) 
p= 4(1 + ys), (6) 
and 
Ys= Y1Y2'Ys4 


It is easy to see that both Wp and py, 
separately satisfy the Dirac equation 
(Eq. 2). With this decomposition the B 
process of a nucleus A can be represented 
schematically as 


f Ci® vr 
U Citi 


(3 =+ 1) 


Am>Bt+e+ (se =-1) 


(8) 
with C,;® and C;¥ as the various prob- 
ability amplitudes for emission of Vp and 
vy, respectively. The suffix i represents 
the various possible channels for such 
emissions. If the theory is invariant un- 
der proper Lorentz transformation, then 
there are five such channels: namely 
scalar S, tensor T, vector V, pseudo- 
scalar P and axial-vector term A. Ac- 
cording to the general rules of quantum 
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Fig. 1 (Left). Masses and charges of heavy particles and antiheavy particles. Fig. 2 (Right). Masses and charges of light particles. 





field theory with any interaction term 
representing the decay of a_ particle, 
there exists a corresponding hermitian 
conjugate term which represents the de- 
cay of the antiparticle. Thus, the decay 
of the antinucleus A can be schemati- 
cally represented by 

_— _— ,R 
A>Bte +) Cyuas - 
with C;®* and C/* as the corresponding 
amplitudes for emission of vg and ‘ME 
Under the charge conjugation operator 
we change a particle to its antiparticle 
but we do not change its spatial or spin 
wave functions. Consequently, it must 
have the same helicity. Thus, if the 
B-decay process is invariant under the 
charge conjugation operator, then we 
should expect process 7 to proceed with 
the same amplitude as process 8’. The 
condition for invariance under charge 


+ 





conjugation is, then, 


Crack 


forall t=Sk ss Vere AC 
In the decay of cobalt-60, because 
there is a difference of spin values be- 


tween cobalt-60 and nickel-60, only the A 


terms i= T and i=A contribute. From 


the large angular asymmetry observed it } 


can be safely concluded that for both 
yi Bae 


\Ce*| = |r 


which contradicts Eq. 9 and proves the 
noninvariance of 
charge conjugation. In the above, for il- | 
lustration purposes, we assume the neu- 
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trino to be described by a four-compo- 
nent theory and, further, we assume that 
in the B-decay process only a neutrino is 
emitted. Actually, the same conclusion 
concerning the noninvariance property 
under charge conjugation can be ob- 
tained even if the neutrino should be 
described by a, say, eight-component 
theory, or, if in addition to the B-process 
that a neutrino is produced an antineu- 
trino may also be emitted. 

Recently many more experiments (7) 
have been performed on the longitudinal 
polarization of electrons and positrons, 
the B-y correlation together with the cir- 
cular polarization of the y radiation and 
the B-angular distribution with various 
polarized nuclei other than cobalt-60. 
The results of all these experiments con- 
firm the main conclusions of the first 
cobalt-60 experiment, that neither the 
parity operator nor the charge conjuga- 
tion operator is conserved in -decay 
processes, ; 

Another interesting question is whether 
the B-decay interaction is invariant under 
the product operation of (charge conju- 
gation X mirror reflection). Under such 
an operation we should compare the de- 
cay of A with that of A but with op- 
posite helicities. Thus, if B-decay is in- 
variant under the joint operation of 
(charge conjugation x mirror reflection) 
we should expect process 7 to proceed 
with the same amplitude as process 7’ 
and similarly for processes 8 and 8’. The 
corresponding conditions are then 


Cs* = Ci**, 
and 


Cie = Ci. (10) 


Although experiments have been per- 
formed to test the validity of these con- 
ditions, at present these experiments 
have not reached a conclusive stage and 
we still do not know the answer to this 
important question. 

a--e Decay. The x*-meson decays into 
a #-meson and a neutrino. The p*- 
meson, in turn, decays into an e* and 
two neutrinos (or antineutrinos). If par- 
ity is not conserved in a-decay, the 
l-meson emitted could be longitudinally 
polarized. If in the subsequent pu-decay 
parity is also not conserved, the elec- 
tron (or positron) emitted from such a 
u-meson at rest would in general exhibit 
a forward and backward angular asym- 
metry with respect to the polarization of 
the u-meson (Fig. 5). Consequently, in 
the x-u-e decay sequence we may ob- 
serve an angular correlation between the 
momentum of a “*-meson measured in 


14 MARCH 1958 


MIRROR REFLECTION 


Co» Ni® + e- + 
Coote) Coe), 
| e { e 


Fig. 3.. B-Decay from polarized cobalt-60 
nucleus. 


the rest system of a x-meson and the 
momentum of e* measured in the rest 
system of u*. If this angular correlation 
shows a forward-backward asymmetry, 
then parity must be nonconserved in 
both x-decay and u-decay. The experi- 
mental results (8) on these angular cor- 
relations appeared within a few days 
after the results on B-decay were known. 
These results showed conclusively that 
not only is parity not conserved but that 
the charge conjugation operator is also 
not conserved in 2-decay as well as in 
u-decay. 

Later, direct measurements (9) on the 
longitudinal polarization of the positron 
from wt-decay were made and estab- 
lished the same conclusion concerning 
u-decay. 

K-u-e Decay. In this case we have in- 
stead of the 1-meson the heavier K-meson 
which decays into a 4-meson and a neu- 
trino (Fig. 6). An experiment (/0) on 
the angular correlation between the pt 
momentum from the decay of a K’*- 
meson and the positron momentum from 
the u+-decay established that in K-decay 
the parity as well as the charge conju- 
gation operator is not conserved. 

A’ Decay. The A°* particle can be pro- 
duced by colliding an energetic x- on a 
proton. The A° subsequently decays into 
a proton plus a x (Fig. 7). The ob- 
servation of an asymmetrical distribu- 
tion with respect to the sign of the 
product Pout’ (Pin xp, ) formed from 
the momentum of the incoming pion 


a 
T 


Fig. 4. Helicities of a four- 


Pin, the momentum of the lambda par- 


ticle, Py> and that of the decay pion 


2 would constitute an unequivocal 
proof that parity is not conserved in this 
decay. Recent experiments (11) on these 
reactions demonstrate that in these reac- 
tions there is indeed such an angular 
correlation between Pout and (Pin XP, )- 
Furthermore, from the amount of the 
large up-down asymmetry, it can be con- 
cluded that the A’-decay interaction is 
also not invariant under the charge con- 
jugation operation. 

From all these results it appears that 
the property of nonconservation of par- 
ity in the various weak interactions and 
that the noninvariance property of these 
interactions under charge - conjugation 
are well established. In connection with 
these properties we find an entirely new 
and rich domain of natural phenomena 
which, in turn, give us new tools to probe 
further into the structure of our physical 
world. These weak interactions offer us 
natural ways to polarize and to analyze 
the spins of various elementary par- 
ticles. Thus, for example, the magnetic 
moment of the u-meson can now be 
measured to an extremely high degree of 
accuracy (12) which, otherwise, would 
be unattainable; the spins of some hy- 
perons now may perhaps be determined 
(13) unambiguously through the ob- 
served angular asymmetries in their de- 
cays; new aspects of the electromagnetic 
fields of various gas, liquid, and solid 
materials can now be studied by using 
these unstable, polarized particles. How- 
ever, perhaps the most significant conse- 
quences are the openings of new possi- 
bilities and the reexamination of our old 
concepts concerning the structure of ele- 
mentary particles. We shall next discuss 
two such considerations—the two-com- 
ponent theory of the neutrino and the 
possible existence of a law of conserva- 
tion of leptons. 
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Two-Component Theory of Neutrino 


and Law of Conservation of Leptons 


Before the recent developments on 
nonconservation of parity, it was cus- 
tomary to describe the neutrino by a 
four-component theory in which, as men- 
tioned before, to each definite momen- 
tum there are the two spin states of the 
neutrino Vp and v,, plus the two spin 
states of the antineutrino Vp and v,. In 
the two-component theory, however, we 
assume that two of these States, Say Vy, 
and ¥V;, simply do not exist in nature. 
The spin of the neutrino is then always 
parallel to its momentum, while the spin 
of the antineutrino is always antiparallel 
to its momentum. Thus, in the two-com- 
ponent theory we have only half of the 
degrees of freedom that we have in the 
four-component theory. Graphically, we 
may represent the spin and the velocity 
of the neutrino by the spiral motion of 
a right-handed screw and that of the 
antineutrino by the motion of a left- 
handed screw (Fig. 8). 

The possibility of a two-component 
relativistic theory of a spin ¥ particle 
was first discussed by H. Weyl (14) as 
early as 1929. However, in the past, be- 
cause parity is not manifestly conserved 
in the Weyl formalism, it has always 
been rejected (15). With the recent dis- 
coveries such an objection becomes com- 
pletely invalid (/6). 

To appreciate the simplicity of this 
two-component theory in the present 
situation, it is best if we assume further 
the existence of a conservation law for 
leptons (1/7), This law is in close analogy 
with the corresponding conservation law 
for the heavy particles. We assign to 
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each lepton a leptonic number / equal 
to + 1 or —1 and to any other particle the 
leptonic number zero. The leptonic num- 
ber for a lepton must be the negative of 
that for its antiparticle. The law of con- 
servation of leptons then states that, “in 
all physical processes the algebraic sum 
of leptonic numbers must be conserved.” 

Some simple consequences follow im- 
mediately if we assume that this law 
is valid and that the neutrino is de- 
scribed by the two-component theory. 

1) The mass of the neutrino and the 
antineutrino must be zero. This is true 
for the physical mass even with the in- 
clusion of all interactions. To see this 
let us consider a neutrino moving with 
a finite momentum. From the two-com- 
ponent theory the spin of this neutrino 
must be parallel to its momentum. Sup- 
pose now it has a nonvanishing physical 
mass. Then, we can always send an ob- 
server traveling along the same direction 
as the neutrino but with a velocity faster 
than that of the neutrino. From this ob- 
server's point of view this “neutrino” 
now becomes a particle with the spin 
along its original direction but the direc- 
tion of momentum reversed—that is, it 
becomes an “antineutrino.” However, 
since the leptonic number for the neu- 
trino is different from that of the anti- 
neutrino, these two particles cannot be 
transformed into each other by a Lorentz 
transformation. Consequently, the physi- 
cal mass of a neutrino must be zero. 

2) The theory is not invariant under 
the parity operator P which by defini- 
tion inverts all spatial coordinates but 
does not change a particle into its anti- 
particle state. Under such an operation 
one inverts the momentum of a particle 
but not its spin direction. Since in this 
theory these two are always parallel for 
a neutrino, the parity operator P, when 
it is applied to a neutrino state, leads 
the neutrino to a nonexisting state. Con- 
sequently, the theory is not invariant 
under the parity operation. 

3) Similarly, one can show that the 
theory is not invariant under the charge 
conjugation operation which changes a 
particle into its antiparticle but not its 
spin direction or its momentum. 

To test the complete validity of the 
conservation law of leptons and the two- 
component theory, we have to investigate 
in detail all the neutrino processes. For 
example, in B-decay we must have either 


Steel Bim ioe of (,=+1), 


or n—>ptet+y (s7=- 1). 


This can be determined by measuring 
the spin and the momentum of the neu- 
tral lepton—to see whether it is a neu- 
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Fig. 7. Production and decay of A’. 


trino (right-handed helicity) or an anti- 
neutrino (left-handed helicity). Through 
the law of conservation of angular mo- 
mentum, measurements on polarizations 


and angular distributions of the nucleus: 


and the electrons can lead to determina- 
tion of the spin states of the neutrino. 
Similarly, through recoil momentum 
measurements, we can find out informa- 
tion about the linear momentum of the 
neutrino. In the same way we can use 
not only B-decay but x-decay, p-decay 
and K-decay to test the validity of either 
the two-component theory or the law of 
conservation of leptons. At present, these 
measurements have not yet reached a 
definitive stage (18). Much of our future 
theory may depend on the results of 
these experiments, 


Remarks 


The progress of science has always 
been the result of a close interplay be- 
tween our concepts of the universe and 
our observations of nature. The former 
can only evolve out of the latter, and yet 
the latter is also conditioned greatly by 
the former. Thus, in our exploration of 
nature, the interplay between our con- 
cepts and our observations may some- 
times lead to totally unexpected aspects 
among already familiar phenomena. As 
in the present case, these hidden prop- 
erties are usually revealed only through 
a fundamental change in our basic con- 
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cept concerning the principles that un- 


derlie natural phenomena. While all this 
is well known, it is nevertheless an ex- 
tremely rich and memorable experience 
to be able to watch at a close distance 
in a single instance the mutual influence 
and the subsequent growth of these two 
factors—the concept and the observa- 
tion. It is, indeed, a privilege that I have 
this opportunity to tell you part of this 
experience in the recent developments 
concerning the nonconservation of parity 
and the weak interactions. 
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Science, Industry, ‘and the 
Abuse of Rights of Way 


The problem of improving the present 
unsatisfactory methods of controlling 
brush and other vegetation on our na- 
tional rights-of-way is a fine illustration 
of the more general problem of getting 
industry to accept and act upon estab- 
lished scientific principles. The right- 
of-way domains are those narrow threads 
of land which serve for transportation 
and communication of men and mate- 
rials, They include highways, railroads, 
electric power and telephone lines, and 
Pipelines for gas, oil, and coal. The 
rights-of-way of the utility corporations 
alone comprise an acreage greater than 
all six New England states combined. 

The fundamental scientist traditionally 
has observed, recorded, and interpreted 
the facts of the world about him and in 
doing so has usually remained aloof 
from society. He has been unconcerned 
about the discoveries of his science and 
indifferent about whether they are used 
for good or evil. In recent years, how- 
ever, these discoveries have been of 
enormous import. More and more do we 
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hear of a “Scientific Revolution” that 
may prove more challenging to the de- 
velopment of the human race than the 
Industrial Revolution from which we 
are just emerging. There are three sig- 
nificant recent events which, though dif- 
fering greatly in magnitude, emphasize 
the contemporary trend of science to- 
ward integrating itself into society. 

The first of these events was seen dur- 
ing the last political campaign for the 
Presidency of the United States. For the 
first time in our history, a scientific issue 
became a major feature. I refer to the 
problems of radiation hazard and of con- 
tinuing H-bomb tests. Unfortunately the 
issue became a political football and 
then was left in the field, deflated. The 
second event occurred at the annual 
meetings of the American Association for 
the Advancement of Science. This au- 
gust and distinguished body, represent- 
ing organized science in America, broke 
with its traditional aloofness relative to 
the social effects of scientific discoveries. 
For the previous year, an Interim Com- 
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mittee under the chairmanship of Ward 
Pigman had been studying the subject, 
and the report has been distributed as 
evidence of the committee’s interests 
and activities. The AAAS Council has 
voted to continue the existence of this 
committee. In a measure, therefore, sci- 
ence has begun to show a sense of re- 
sponsibility to provide professional guid- 
ance on how to manage and control the 
revolutionary potentials that it is creat- 
ing. The third event directly involves 
our present discussion. For the first time 
in the 10-year history of commercial 
herbicidal brush contol, a utility cor- 
poration presented a system-wide policy 
that drew upon the common pool of 
biologic data. At the meetings of the 
Northeast Section of the Wildlife So- 
ciety, a leading New England power cor- 
poration offered a paper which—in its 
scientifically sound. 
Furthermore, the opinions are in accord 
with a joint policy statement released 
at the same time by the Connecticut 
State Board of Fisheries and Game and 
the Connecticut Botanical Society. 
Following a general review of the 
problem, I shall consider four of its as- 
pects. The first is a definition of terms. 
The second is the question of “brush 
control—for whose benefit?” The third 
involves the authority of the scientific 
statements here made. The fourth and 
last is a short survey of specific factors 
that have become critical in the actual 
programming of brush control. 


statements—was 





The author is a consulting vegetationist in Nor- 
folk, Conn. This article is based on an invited 
paper presented at a panel discussion on “Pro- 
gramming Brush Control on Utility Rightofways,” 
Northeastern Weed Control Conference, 11 Jan. 
1957. 
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Review of the Problem 


I believe there will be agreement when 
I state that any brush-control program 
must aim for “the lowest costs for the 
most years.” I would like to add to that 
slogan “with the highest good to so- 
ciety,” although I realize that there are 
many who are, by nature, indifferent to 
this facet of our American economy or 
of that of the One World which may 
yield peace. Programming must essen- 
tially be a three-cornered cooperative 
venture, even though triangles are known 
to be sources of trouble. This particular 
venture involves a utility engineer, a 
biologist, and a brush-control contractor. 

The utility engineer and the needs of 
the utility come first and foremost. The 
needs are simply stated. For electric 
power, the right-of-way must. be ade- 
quate, free, and open for patrol, for 
maintenance, and for repairs. From the 
standpoint of vegetation, these needs 
mean permanently low vegetation below 
the wires, and no trees at the sides that 
will grow into, or fall into, the wires. 
Flammability of vegetation, such as 
grassland, is often an additional factor. 

The biologist, with a knowledge of 
plant species and of plant-communities, 
is the one to indicate which plants it is 
desirable to save in a discriminate brush- 
control program. He can predict the 
post-treatment vegetation, how many 
years it will last, or how rapidly it may 
be invaded by undesirable trees. It is the 
biologist who has been missing, ignored, 
or ridiculed at the council tables of the 
programmers. I use the word biologist 
guardedly, for there is much confusion 
about the term and the field. If the biolo- 
gist is consulted at all, the engineer is 
likely to choose him and to expect him 
to be—as we used to consider the family 
physician—a jack of all related trades. 

Some companies have employed biolo- 
gists. All too often, however, they have 
chosen foresters, agriculturists, agrono- 
mists, biochemists, or plant physiologists 
—men who may be competent in their 
own fields but who, in making recom- 
mendations on this subject, are under 
the same handicap that a surgeon would 
be under if he were asked, and forced, 
to treat an emotional disturbance. In 
other instances, a competent biologist is 
“neutralized” by an engineer of higher 
echelon. More often, no biologist is con- 
sulted. For example, one of the world’s 
largest corporations (which, in one divi- 
sion alone, spent $3.5 million spraying 
200,000 acres in eight years and is still 
spraying) does not have a single botani- 
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cally trained individual to judge the 
effects of its nation-wide spraying pro- 
gram. Although this corporation spends 
millions of dollars a: year on research 
through a laboratory of deserved re- 
nown, not one dollar goes to the study 
of the effects of chemicals on the plant- 
communities. What little research is 
done is concerned only with specifica- 
tions for the herbicides themselves. 

In a second instance, another mam- 
moth corporation in the chemical man- 
ufacturing field finally appointed one of 
its entomologists to carry through a 
costly and time-consuming investigation 
of vegetation management on rights-of- 
way. By good fortune, they chose a re- 
markably fine individual, with an un- 
usual hobby-interest in botany. I have 
a letter from the company indicating 
essential approval of all aspects of that 
program (with which I was then affili- 
ated). His final report was nearing com- 
pletion when an unexpected heart attack 
took his life. To my knowledge, the in- 
vestigation was shelved, and I am not 
aware that there has been any significant 
change in the policy of the company. It 
took courage to do what this man was 
doing. 

The third and last of this irregular tri- 
angle is the line-clearance contractor. It 
is he who knows the various mechanical 
and chemical techniques for brush con- 
trol and who can estimate the relative 
costs of the different approaches in the 
light of the biologist’s and engineer’s rec- 
ommendations and needs. 

Outside of the triangle, but often 
manipulating thought within it with con- 
summate dexterity, is the 
manufacturer. Chemical 


chemical 
herbicides are 
assuming an ever-increasing role in com- 
mercial brush control, and they deserve 
to. The chemicals used are generally de- 
rivatives of 2,4-dichlorophenoxyacetic 
acid and  2,4,5-trichlorophenoxyacetic 
acid, commonly known as 2,4-D and 
2,4,5-T. Ammonium sulfamate is also 
used. It must be understood that these 
chemicals have no known adverse. ef- 
fects on any animals. If used unwisely, 
they do have an extremely detrimental 
effect on wildlife habitat, and this, in 
its way, is far more disastrous than any 
killing of the animals themselves. An 
animal reproduces readily; habitat does 
not. 

In the use of these herbicides, many 
practices are followed. Much of the so- 
called controversy revolves around two 
common and antithetical procedures. 
One is indiscriminate, blanket, summer- 
foliage spraying with power equipment. 








The other is discriminate . basal-bark 
spraying at various seasons, usually with 
small or hand-powered equipment. For 
the first procedure, water-borne sprays 
of low concentration are used; for the 
latter, oil-borne sprays of high concen- 
tration. Much of the discussion that fol- 
lows is based on the different biological 
and economic effects of these two tech- 
niques, although it must not be assumed 
that either, or any, technique can be 
adopted to the exclusion of all others, 


“Brush Control”—the Term 


It is my sober opinion that the rational 
management of vegetation on the rights- 
of-way of this nation will never be estab- 
lished on a sound basis as long as the 
problem is referred to as “brush con- 
trol.” Both words in the term are heav- . 
ily laden with factual error and with in- 
sidious emotional connotations, 

The word brush for example—‘brush” 
refers to any woody vegetation, includ- 
ing trees and all shrubs, even those 
under one foot in height. To many engi- 
neers—and I speak from my experience 
with them—there are but two kinds of 
plants, brush and grass. Brush grows up 
into trees; engineers do not want it. Grass 
stays low; they want it. Brush has actu- 
ally become a dirty word, and advertis- 
ing campaigns have been very effective 
in promoting the idea that no brush can 
be tolerated on a right-of-way. When 
sales and marketing divisions bring mod- 
ern motivational psychology to bear on 
this thought, the result is very impres- 
sive. Therefore, the accepted scientific 
fact that many types of brush—that is, 
the low shrubs—not only can be advan- 
tageously saved but may be extremely 
valuable with respect to the future con- 
trol of trees is a statement contrary to 
common belief in the industry. The 
maenads of Madison Avenue have pre- 
vailed over the soberness of science. 

The word control involves even worse 
problems, for it has been used so much 
that electrical engineers have become 
satisfied with repeated control and do 
not recognize that “elimination” is often 
a scientific possibility, especially where 
tree roots are involved and where invad- 
ing seedlings do not occur. On the other 
hand, we should be realistic and recog- 
nize certain psychologic facts. Those who 
are in the business of “controlling” are 
rarely interested in “eliminating.” This 
is true in industry as well as in philan- 
thropic and scientific activities. I am sure 
that some social workers would be deeply 
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grieved if underprivileged and problem 
families suddenly ceased to exist. I re- 
call also a discussion I once had with a 
pathologist, whom I was trying to im- 
press not with the importance of con- 
trolling a forest disease but with the 
possibility of furthering an already natu- 
ral trend toward developing a resistant 
strain of the tree species. The hour was 
late, and other factors contributed to an 
unusual element of frankness in his 
words. “But Frank,” he finally confided, 
“don’t ask me to eliminate the disease. 
I like diseases. It is my job and my pro- 
fession. All that I want to do is to con- 
trol them.” And so it is with many in 
this industry. I accept the fact that they 
may just want to “control” brush. But 
when science can eliminate undesired 
brush and thereby effect an economy for 
society as a whole, the scientist will 
say so. 


Brush Control—for Whose Benefit? 


Brush control is a business, a profes- 
sion, an art, and a science. Any reason- 
able discussion of programming brush 
control should recognize the fact that 
different people are interested in it for 
different reasons. What I must now say 
may offend some readers. However, these 
are not personal opinions but are based 
on factual experiences and expressed 
with the impartiality of a sociologist. I 
seek neither to convince some of you 
nor to alter the unalterable but to gen- 
eralize from the variety of contacts in 
my own background, 

For our purposes, the people inter- 
ested in brush control can be segregated 
into four groups. The first group includes 
the chemical manufacturers and the 
spray and line-clearance contractors. In 
this case, I do not see why we should 
not all face the fact that more brush 
means more business for these organi- 
zations, and thus that any science-based 
program recommending the elimination 
of brush will not be welcomed. For ex- 
ample, at a conference in the summer of 
1952 it was reported that an owner of a 
local and successful spray business, after 
hearing a talk on long-term, lost-cost 
vegetation management, commented to 
another group in the evening that “all 
this talk about stable low brush cover 
may be good enough. But I have a son 
coming up in years, and when I retire 
I want enough new brush around so 
there will be business for him. What bet- 
ter way than to spray, so that the trees 
will come back in again.” 
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It is my opinion that this philosophy, 
though rarely so bluntly and honestly 
admitted, is nevertheless widespread. I 
have, for example, no evidence that any 
chemical manufacturer has incorporated 
scientific data concerning the relative 
stabilities of different types of post- 
spraying vegetation in their sales and 
marketing literature. Almost all line- 
clearance contractors have studiously 
avoided the subject also, although I 
know of two that are outstanding ex- 
ceptions. They act on the philosophy 
that, although there may be less brush 
per acre in the future, there are many 
brush-covered acres. These are small or- 
ganizations, however. That they are not 
among the largest is possibly an indica- 
tion of the disadvantage of espousing a 
minority viewpoint, even if it is scien- 
tifically correct. Furthermore, there are 
problems inherent in selling a new ap- 
proach. When sales representatives have 
long been in the habit of taking orders 
for what a consumer has been condi- 
tioned by others to demand, even if it 
is morphine, they are unwilling to sell, 
and incapable of selling, an idea, and 
thus, through poor salesmanship, can 
undermine their own corporation. 

The second group involves the utility 
corporations themselves. The rights-of- 
way of these corporations include rail- 
roads, pipelines, electric power lines, 
telephone lines, and roadsides; my per- 
sonal experience has been mainly in the 
field of the electric utilities. Among the 
utilities we must accept the fact that 
within any one company there can be 
remarkably diverse reactions to the dif- 
ferent aspects of brush control. The 
engineering departments are directly con- 
cerned with the construction, mainte- 
nance, and repair of the rights-of-way 
and the lines upon them. Very often 
these departments find themselves al- 
ready committed to programs that disre- 
gard certain scientific knowledge. I say 
without rancor, and with complete sym- 
pathy and understanding of their indi- 
vidual problems, that such departments, 
when confronted with certain scientific 
evidence, are primarily concerned with 
saving department funds, department 
jobs, department face, and individual 
faces. Of these, the last leads all the 
rest. Five large power corporations strik- 
ingly exemplify this situation—a reality 
which we must all accept. 

Public relations departments, on the 
other hand, have an extremely different 
approach to the subject. They are highly 
sensitive to public opinion and are often 
in a far freer position to evaluate the 


voice of science. Indeed, this sensitivity 
can be a disadvantage. I myself find that 
I can present, coldly and with dignity, 
the facts of accumulated scientific litera- 
ture and the results of a decade of field 
research without accomplishing as much 
as can one irate conservation-committee 
chairman of a local garden club, who 
tosses off a perfumed letter that all but 
singes itself. Furthermore, whether or 
not the lady in question is scientifically 
correct may be irrelevant to the state of 
her temperature and to her effective- 
ness. Scientists should recognize the 
value, and the danger, of such thermal 
bombs. 

And finally, in addition to engineer- 
ing and public relations departments, 
there is top management. We must rec- 
ognize that top management may be 
open to suggestions and to developing 
views of its own. Although generally it 
does not wish to be bothered with ac- 
tivities that traditionally have been 
handed down to departments, time and 
time again I have found only in top 
management (and not always here) a 
respect for science and a concern for 
company economies. Within the three 
aspects of this second group, in particu- 
lar, I see little prospect for permanent 
relief unless we can establish a higher 
standard of scientific literacy than now 
exists. By “scientific literacy” I do not 
mean a knowledge of technical details 
equivalent to that of the professional 
expert. I do mean an awareness of the 
complexities sufficient to distinguish the 
voice of authority from that of fraud 
and quackery. The urgent need for such 
literacy was obvious during the course of 
the panel discussion for which this paper 
was originally prepared. 

In the third group, which may or may 
not benefit from brush control, is the 
forgotten person in this entire program. 
It is doubtful whether he was repre- 
sented in the audience at the time the 
panel discussion took place. I refer to 
the man who is the owner of this land 
in a free democracy, to the man who 
has all rights and prerogatives on these 
50 million acres except as they concern 
the transmission and distribution of the 
commodity involved. I doubt whether 
any utility corporation involved in brush 
control has presented an impartial and 
factual account of the varied and mul- 
tiple methods of accomplishing such con- 
trol, all economically feasible but dif- 
fering greatly in owner benefits. (In 
personal discussion, at the original con- 
ference, one utility representative ad- 
mitted frankly that his company delib- 
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erately tried to keep owners uninformed 
about different spraying techniques. If 
there was any questioning, the company 
had a policy of sweeping away opposi- 
tion with claims that theirs was the 
“only proven way’—a policy which he 
thought excusable even if not correct. 
Another company representative seemed 
to agree that the owner was the forgot- 
ten factor and implied that he should 
stay forgotten, for, “after all, what the 
owner wants, we do—regardless!” ) 

Here is a striking instance of the 
power of an owner in my own state. A 
woman happened to be at home when 
blanketeering operations started on her 
property. Single-handedly, with no sci- 
entific knowledge but with a large meas- 
ure of common sense, an effusion of 
Latin blood, and the vigor of a chick- 
defending mother hen, she cowed a large 
force of laborers. The result, today, is 
the finest single example on the lines of 
this company of vegetation that is best 
for the company and best for society. It 
is in striking contrast to the rest of the 
blanketeered right-of-way in the town— 
a town whose active sportsmen’s associa- 
tion was ineffective in dealing with the 
company. This corporation has persist- 
ently destroyed’ more wildlife habitat 
than the state game department has pro- 
duced in its entire history, despite the 
fact that scientific information has been 
repeatedly brought to its attention by 
many groups since 1947, 

Fourth and last comes the “general 
public.” By this I mean neither the own- 
ers nor the land management, but “so- 
ciety,’ which has an indirect stake in 
these lands. I refer to the forestry pro- 


Fig. 1. Stable roadside thicket, mainly of low willows, adjacent to White Memorial Foun- 
dation, Litchfield, Conn. This entire vegetation has subsequently been blanket-sprayed. 


[Photograph by Gordon Loery] 
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fession, which may be involved with 
alternating hosts of forest diseases. 
Members of the wildlife profession and 
sportsmen have a large interest, for the 
vegetation can serve-as habitat, as food, 
and as cover for game populations which 
will breed here and then spread to other 
lands. Berry pickers, hikers, bird watch- 
ers, and other recreationists often utilize 
these rights-of-way. Then there are the 
naturalists and scientists, who often find 
on these lands rare and unusual plants 
and animals and biotic communities, In 
some ways the general public has one of 
the largest stakes, but it does not know 
about it. One reason for this lack of 
knowledge on the part of the masses is 
that this subject has been neglected or 
openly avoided by almost all federal and 
state agencies. Such agencies are tra- 
ditionally concerned with the conserva- 
tion of timber, forage, wildlife, crops, 
soil, and water, on public and wholly 
private lands. For reasons that are un- 
derstandable, however, if not entirely 
excusable, the natural resources in a 
very sizable area of our nation have been 
left defenseless against overzealous com- 
mercial exploitation. 


Programming— 


Whose Scientific Opinions? 


To the best of my knowledge, the 
items I will be mentioning in the fourth 
part of this article are not personal 
opinions, are not matters of controversy 
among scientists in this field, and may 
be considered reasonable scientific gen- 
eralizations in the light of existing data 


























































(1). I am not aware of any contrary 
generalizations emanating from those sci- 
entists who are now involved in related 
research or practice. 

At the present time there are three 
national organizations that have com- 
mitted themselves to an interest in these 
50 million acres. The Wildlife Man- 
agement Institute has commissioned a 
booklet on the subject, has sponsored a 
questionnaire that has been sent to al- 
most 1000 electric utility corporations, 
and is aiding one of the largest corpora- 
tions in launching a “rightofway vege- 
tation management” program. The Boy 
Scouts of America National Council has 
a project in their Del-Mar-Va camp, for 
purposes of Scout education. The Gar- 
den Club of America, national Conser- 
vation Committee, was instrumental in 
furthering a project in central New York 
which, in turn, would aid member clubs 
in handling local problems. Further-, 
more, the federal Fish and Wildlife 
Service has stated its official policy, by 
request of the editor of Public Works 
magazine. This policy appeared in the 
issue for April 1955. 

Two state conservation departments 
have issued definitive policies: the Con- 
necticut State Board of Fisheries and 
Game and the Pennsylvania Department 
of Forests and Waters. One state scien- 
tific society, the Connecticut Botanical 
Society, has an active Rightofway Vege- 
tation Committee. This committee is as- 
sociated with certain representative proj- 
ects in its territory, including those of 
an Audubon Society chapter, a college 
arboretum, a sportsmen’s club, a foun- 
dation, a land owner, and a corporate 
sanctuary. Essentially the same ideas are 
expressed in a U.S. Forest Service fore- 
man’s manual for roadside spraying in 
Region Seven. The national Committee 
for Brush Control Recommendations for 
Rightofways is associated with approxi- 
mately 20 projects, extending from 
Florida to northern New England. There 
is no basic difference in the scientific or 
economic approach of these projects or 
groups. I am sure there are many other 
organizations that should be included 
here, but I have no published evidence 
of their policies. 


Brush-Control Programming 


In the following and final paragraphs, 
specific factors will be discussed which, 
as the biologist’s contribution to a sound 
vegetation management program, have 
been found to be of critical importance. 
These will be discussed in five categories, 
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Fig 2. A type of right-of-way grassland that is misleadingly attractive (in Pennsylvania). 
It is a thin vegetation of poverty grass—a relative desert for wildlife—and will be costly 


to maintain because of invading pines. 


pertaining respectively to applied phyto- 
sociology, herbicides and plant-kill, com- 
mercial brush control, conservation in- 
tests, and the general idea of research 
and development. 


Applied Phytosociology 


If any biological generalizations are 
to be made, the leading idea is that, in 
most mixtures of shrubs and trees, the 
trees are of the same age as, or older 
than, the associated shrubs. Tree seed- 
lings are relatively unusual among most 
shrub covers. There are exceptions, es- 
pecially in the tropics, and these must 
be carefully evaluated. Root systems are 
frequently much older than above- 
ground parts, and this fact plays an im- 
portant part in low-cost management. 

Another generalization concerns the 
relative stability of upland grasslands 
and shrub covers. In most cases shrub 
communities retard reforestation more 
successfully than do grasslands. Rhodo- 
dendron, laurel, and hazel are notorious 
in this role (Fig. 1). Pines are eminently 
successful in invading grasslands; so are 
ashes, elms, maples, and birches (Fig. 
2). Sound vegetation management in- 
volves the encouragement of that plant- 
community which is most stable through 
the years. A community that goes to 
forest twice as quickly as another does 
is twice as expensive to maintain, and 
some communities (including some pro- 
duced by blanket-spraying) advance 20 
times as quickly as others. 

Sound brush control should start with 
initial clearing of the line. Too often 
there is unnecessary destruction of valu- 
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able cover at this time, cover which 
would mean future savings (Fig. 3). 
Much of destruction is 
panied by soil-baring, which the forester 
often purposely effects in order to in- 
crease reforestation. 


such accom- 


“Construction” of a suitable seminatu- 
ral vegetation should be clearly differ- 
entiated from “maintenance” of that 
vegetation once it is attained. These two 
costs should receive the same considera- 
tion as comparable construction and 
maintenance costs of poles and towers. 
The situation is analogous to that of 
separating the construction cost of your 
home from its continuing maintenance 
costs. 

Vegetation is highly variable, from 
town to town, county to county, and 
state to state. As in the case of other 
vegetation management procedures, such 
as forestry or range pasture and wildlife 
management, a knowledge of existing 
local variations is essential, and economi- 
cally sound, as a prerequisite to a ra- 
tional program. 

The botanical aspects of the program 
can be planned in terms of the length of 
the life of the line itself, be that 25, 50, 
or 75 years. There is adequate botanical 
literature on the stabilities of vegetation 
types, some of which involve communi- 
ties that have perpetuated themselves for 
several centuries. This aspect of the 
problem seems to be particularly mysti- 
fying to engineers, one of whom arro- 
gantly refuted during the course of the 
panel discussion on “Programming 
Brush Control on Utility Rightofways” 
all such knowledge, even when it in- 
volves stability of only a few years’ 
duration. 


Herbicides and Plant-Kill 


Past chemical treatments must be 
clearly evaluated in several different re- 
spects. The easiest to observe is “top- 
kill” or kill-to-ground. I estimate that 
95 percent of the companies of this na- 
tion are judging their brush control in 
these terms. As “kill,” it is comparable 
to mowing the lawn, which is not done 
to kill the grass. Less easy to observe is 
root-kill, which cannot be adequately 
judged until at least two years after 
treatment. I know of only half a dozen 
companies who are properly judging 
root-kill. The economic importance of 
this distinction should be quite obvious, 
for root-kill techniques may cost up to 
twice as much as one “chemical mow- 
ing,” and yet some companies are top- 
killing for the fifth go-around. The third 
item in evaluation is a consideration of 
the vegetation that remains after treat- 
ment. I know of no company that has 
any policy on this aspect of vegetation 
management. The fourth and last item 
involves reinvasion of the postcontrol 
vegetation by new tree seedlings. Here 
also I know of no company which is em- 
ploying the technical know-how to esti- 
mate this all-importart economic factor. 
Although they may mention certain new 
brush as being composed of reinvading 
seedlings, the species they mention (most 
frequently aspen) indicates the error of 
their judgment. I estimate that over 90 
percent of commercial brush control is 
judged purely in terms of these four 
factors, based on engineers’ estimates of 
the numbers of above-ground stems. 


Commercial Brush Control 


Indiscriminate blanket-spraying leaves 
a bright brown swath in midsummer that 
has often evoked adverse criticism from 
the public. In itself, this situation cannot 
be considered undesirable, provided this 
is the cheapest technique for achieving 
the highest general values. On the other 
hand, I have not yet seen the brown-out, 
except for local stretches of several 
spans, which I would recommend. Fur- 
thermore, evidence is abundant that such 
blanketeering techniques more readily 
kill the low, desirable shrubs (which do 
not return by reseeding) and tend not to 
kill the undesirable tree roots (Fig. 4). 

One of the most unfortunate theories, 
and one that has regrettably gained 
widespread acceptance because of a su- 
perficial rationality, is that of the de- 
sirability of an initial blanket-spraying 
followed by later years of selective spray- 
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ing of what is left. To the average engi- 
neer, the vegetation in the summer is a 
jumbled and confused mass of verdure. 
He cannot distinguish shrubs from trees. 
With a vigor that approaches a neurotic 
compulsion, he wants “to get rid of all 
that brush.” After that, he promises to 
selectively spray out the trees. More 
often than not, observations in the dor- 
mant season would indicate that there 
are far more desirable shrubs than inter- 
mixed trees. Very frequently I have seen 
long stretches blanketed with spray when 
there was but a handful of young trees— 
trees that could have been cheaply root- 
killed by hand equipment. Furthermore, 
these initial foliage sprayings, wholly 
unwarranted on biologic grounds, fre- 
quently have very little root-kill effect 
on the tree component. In the subsequent 
selective spraying for eliminating the 
surviving trees, the cost may be just as 
high as if this were done in the first 
place, while conservation values have 
been permanently lost. 

Of all the right-of-way spraying I 
have observed in recent years, I would 
judge that more than 50 percent has 
been done from 1 to 20 years too soon. 
Furthermore, there is empirical evidence 
indicating that taller unwanted brush is 
often more easily root-killed than is 
younger brush. In addition, each year 
postponed means lower average costs. 
On the other hand, I recognize the eco- 
nomic forces that favor early spraying. 
Any contractor is constantly pressuring 
the utilities for these premature jobs, 
knowing full well that if he does not get 
the contract, his competitor will. There 
is no force, even within his own com- 
pany, to aid the utility engineer to with- 
stand this pressure. 

In judging these sprayed rights-of-way 
of the nation, I would estimate that over 
75 percent of them have already had a 
definite loss of vegetation “capital” be- 
cause of indiscriminate blanket spraying. 
The act is comparable in many ways to 
throwing the baby out with the bath 
water. This loss will continue, until the 
validity of biologic knowledge is recog- 
nized. 

A rational program of vegetation 
management is definitely a multitech- 
nique procedure. It involves a combina- 
tion of mechanical and spraying tech- 
niques, depending on the local and 
predominating vegetation conditions. I 
realize that my name has been linked 
with one particular technique, largely 
because I was associated with some of 
the original research on that technique 
a decade ago. I accept the fact that, 
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among engineers, there is an overpow- 
ering tendency to tie one to a technique 
rather than to a biological end-result. 
The technique they can understand; the 
end-result can be accepted only in rela- 
tion to that scientific literacy previously 
mentioned. In my own experience, I no 
sooner squirm out of one technique tie-in 
than I am pulled into another. I cannot 
emphasize too strongly that, in the last 
analysis, the vegetation, not the engineer, 
should determine the technique. 

Another unjust and unwarranted claim 
is that selective power spraying is a far 
more efficient procedure than knapsack 
spraying (where a biologist recommends 
knapsack spraying) and that it can pin- 
point out the undesired trees without 
undue harm to the surrounding shrubs. 
One electric utility corporation in par- 
ticular has tried to placate the wildlife 
interests by extolling this claim. Whether 
or not such selective power spraying is 
generally feasible is yet to be proved. In 
the case of this company, it was found 
that patches of shrubs 30 feet in diame- 
ter would be ruined in the course of 
spraying a single small tree. It is doubt- 
ful, anyway, whether such trees were 
root-killed by such treatment, and, even 
if they were, they would not have been 
critical to the maintenance of the line 
for many many years to come. Surely 
common sense, rather than scientific 
knowledge, is needed in such instances 
as these. 

Bulldozing and discing, except in cer- 
tain very limited instances, are not 
indicated as suitable techniques for long- 
term vegetation management. Such pro- 
cedures are widely known to encourage 
reforestation, and those few companies 
that have prematurely endorsed them 
will eventually realize the problems they 





are creating. for themselves. One com- 
pany, operating on borrowed federal 
money, purchased its own bulldozers and 
carried to completion a bulldozing oper- 
ation on 5000 acres, including an excel- 
lent demonstration area on a federal 
experimental forest. Finding that brush 
is returning after this bulldozing, the 
company is now purchasing a helicopter 
for a program of aerial spraying. This 
decision was made without regard for 
existing biologic knowledge, which 
strongly indicates the inadvisability of 
such a procedure. 

It is not my intent to imply that the 
needed biological advice for the pro- 
gramming of right-of-way vegetation 
management is either expensive or difh- 
cult to obtain. Suitable specialists. exist 
in a dozen American universities, and 
there are several national organizations, 


and their branches, that would cooper- , 


ate. It is my opinion that adequate rec- 
ommendations, based on field surveys, 
could be prepared at the absurdly low 
cost of 25 cents per acre per year, plus 
expenses, for three years, beyond which 
time the program would be self-main- 
taining. In view of the fact that some 
companies have spent $200 per acre, or 
more, within two years, and on a treat- 
ment that involves a capital loss, many 
people have a right to feel disturbed. 


Conservation Interests 


At times, the wildlife profession has 
disregarded its own interests by a too- 
ready admission that any right-of-way, 
even of legume-killed poverty grass, is 
better than closed forest. This is true, 
but certain industrial interests have 
jumped the statement, through under- 





Fig. 3. View of willow thicket (in mid-background), stable for several decades, that has 
been unnecessarily destroyed (foreground) for right-of-way sides (White Memorial Foun- 


dation, Litchfield, Conn. ). [Photograph by Gordon Loery] 
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standable misunderstanding. If no right- 


animals, and a 
sprayed-out grassland produces 2x ani- 
mals, one would choose the poverty 
grass—if those were the only two alter- 
natives. The choice, however, includes 
a third—mixed edge effects that can 
produce 10x animals. Even if one has 
been a coal miner, he should not stoop 
to pick up garnets if diamonds are also 
present! 


of-way produces x 


Among the multiple-use aspects of 
these right-of-way lands, that of provid- 
ing food and cover for game and other 
forms of wildlife seems to be of greatest 
importance. During the course of the 
panel discussion, there was one super- 
cilious claim that the shooting of in- 
sulators by trigger-happy hunters makes 
it impossible for utility corporations to 
cooperate with sportsmen. I am amass- 
ing considerable data that are pertinent. 
Apparently this destruction is almost al- 
ways a local problem, traceable to delin- 
quents of various ages. One rural electric 
cooperative in the Southeast solved the 
problem effectively and permanently by 
apologizing to its customers for the dis- 
ruption of service and asking for their 
aid in locating the guilty party. (He was 
quickly found.) Moreover, there is a 
difference between habitat lands and 
shooting lands. I know of no professional 
wildlife manager who demands these 
lands primarily for shooting. In some 
instances, however, corporations have 
knowingly constructed their rights-of- 
way through state game lands, with fore- 
seeable results. 


Research and Development 
One further word should be said 
about the role of recent and future re- 
search and development. The terms 
research and development have an aura 
of respectability and dignity that can be 
unwarranted. Far more often than I 
would like to admit, the claim for addi- 
tional activity of this kind is a cloak, 
somewhat diaphanous, for ignorance, 
confusion, laziness, unmitigated procras- 
tination, or sheer cowardice. I can docu- 
ment that strong statement, but I trust 
Iam not forced to do so. This is as true 
in science as it is in industry, Within 
this discussion, I wish to emphasize very 
strongly that marked improvement can 
be made in the existing commercial 
practices without additional phytosocio- 
logic research and development. The 
need today is for the amalgamation into 
those. practices of the common fund of 
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scientific knowledge—knowledge which 
can no longer be accredited to any one 
individual, certainly not to myself. I 
refer to the literature on the nonforest 
areas that existed at the time of the 
white man’s arrival and that still exist— 
areas such as the balds and slicks of the 
southern Appalachians and the blueberry 
heaths of West Virginia. I refer also to 
commonly accepted forestry practices, 
such as scarification of the soil, and de- 
struction of the hazel brush of the Lake 
States and of the Appalachian rhodo- 
dendron thickets in order to favor tree 
regeneration. It is not additional knowl- 
edge of this kind that is needed. The 
problem is for industry to catch up with 
what is already known. 

And, finally, I wish to say that the 
cheapest means of achieving brush con- 
trol for the future is by the encourage- 
ment and utilization of other plants. 
Such plants often already exist on the 
land and can be saved by discriminate 
programs of brush control. I accept the 
fact that this biologic means of control 
is distinctly alien to the thinking of— 
and therefore largely ignored by—the 
industrial sponsors of the Northeastern 
Weed Control Conference. 

In conclusion, I wish to apologize if 
I appear to have unduly criticized cer- 
tain facets of industry for the failure to 
utilize scientific knowledge. The fault is 
definitely two-sided. If science has not 
claimed respect, it is the fault of science. 
If science is ridiculed at conferences of 
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ae”. ret *3 
Fig. 4. Spray-induced grassland below a telephone line, open to invasion by pine seed- 
lings (in Virginia). Unmowed roadside grass is a fire hazard. Present spray policy is to 
reach out under the adjacent forest, killing out desirable food and cover shrubs and 
leguminous herbs. 


this type and not one scientist stands up 
in defense, those scientists present are at 
fault. If scientific fact is blatantly over- 
ridden, there may be something wrong 
with the science professors in the engi- 
neering colleges. If scientists are invited 
to adorn industrial conferences and then 
are discarded when they do not sing the 
proper song, then scientists should seek 
some other way to influence the national 
economy. If industry-sponsored research 
is prematurely taken from the ivory 
tower and deliberately distorted for 
marketing purposes, the scientist who 
aids and abets this is the one to be 
blamed. 

The integration of scientific fact into 
our society, for the general good of that 
society, is not to be accomplished with- 
out a broad and general understanding, 
on the part of all its citizens, of the 
nature of the different sciences. It is not 
accomplished without some facets of 
that society being temporarily and lo- 
cally dislocated. In this connection I 
would say that our little problem of 
achieving scientifically sound right-of- 
way vegetation management, involving 
an area greater than all of New England, 
is one typical facet of the general prob- 
lem—the problem which dominated re- 
cent meetings of the American Associa- 
tion for the Advancement of Science. 
That problem recognized the urgent 
need for scientists to abandon their tra- 
ditional impartiality and to provide pro- 
fessional guidance in the integration of 
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their discoveries into our way of life. I 
do not, in this instance, have the answer 
for this segment of industry, but if I have 
brought some of its traps and hazards to 
your attention, I shall have accom- 
plished my aim. 
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Snyder Statement on 
Education Legislation 


Laurence H. Snyder, chairman of the 
AAAS Board of Directors and retiring 
president of the Association, recently ap- 
peared before the Senate Committee on 
Labor and Public Welfare, which has 
been holding hearings on proposed legis- 
lation for additional Federal support for 
education, especially science and lan- 
guage education. For an analysis of the 
two major bills under consideration, 
$.3163 and S.3187, see Dael Wolfle’s 
“Science Education Legislation for 
1958” on page 389 of the 21 February 
issue of Science. Snyder’s statement to 
the committee follows. 

“As a representative of the American 
Association for the Advancement of Sci- 
ence, I welcome the opportunity to dis- 
cuss with you some of the problems of 
improving science and education in the 
United States. These problems have for 
long been of concern to this committee. 
They have long been of concern to my 
Association also. As two rather widely 
separated examples, I might cite the fact 
that the presidential address of one of 
my predecessors a century ago was one 
of the first public statements of the need 
for a National Academy of Sciences, a 
proclamation that President Lincoln 
heeded a few years later in establishing 
the National Academy, and that a dec- 
ade ago the American Association for 
the Advancement of Science prepared 
the material on science education that 
was included in the report of the Presi- 
dent’s Scientific Research Board in 1947 
—the report that is usually known as the 
Steelman Committee report. 

“Three years ago the Association 
greatly increased its attention to the 
problems of improving education in 
science and mathematics. This we did 
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because we agree completely with the 
authors of both S.3163 and S.3187 that 
the primary requirement in education 
today is to improve the quality of edu- 
cation, especially education in science 
and mathematics. We need more and 
better school buildings. We need to pay 
our teachers more adequate salaries, We 
need to overcome the handicaps that 
prevent some bright students from at- 
tending college. But above all, we need 
to offer education of higher quality to 
the students who will be the teachers, 
the statesmen, the scientists, and the 
leaders in business and other fields of 
tomorrow. 

“Let me explain why we put such 
stress on quality. There are two reasons. 
The first lies within the educational sys- 
tem. During the past three quarters of a 
century, the population of the United 
States has increased threefold. During 
those same years the population of our 
schools has increased a hundredfold. The 
nation’s teachers have done an excellent 
and devoted job of meeting this rapidly 
expanding load. But note what we ask 
them to do. We want them to take care 
of practically every child in the land 
from the age of five or six to the age of 
sixteen or older. We want them to help 
the retarded and handicapped child; ‘to 
serve the needs of the average; and to 
develop the talents of the gifted. Sev- 
enty-five years ago, most of the students 
who graduated from high school went 
on to graduate from college. It was ap- 
propriate then for the high schools to 
concentrate on preparing their students 
for college. Now, under the weight of a 
majority of students who will not, and 
in many cases should not, go to college, 
the high schools can no longer concen- 
trate on college preparation. In the 
course of these changes, some of the 
virtues of intellectual rigor, of prepara- 
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tion for more advanced work, and of 
high quality education for the students 
of highest ability have been submerged 
under the burden of other claims on 
educational facilities and teachers’ time. 
In science and mathematics, the prob- 
lem has been particularly acute because 
industry and government have been able 
to outbid the schools in recruiting col- 
lege graduates with training in science 
and mathematics. Consequently, there 
have been some special difficulties in 
securing an adequate number of well- 
trained teachers of science and mathe- 
matics, and instruction in those vital 
subjects has suffered more than in other 
fields. 

“The second reason for our emphasis 
on the importance of improving the 
quality of education comes from within 
science itself. Less than 15 years ago the 
first atomic bomb was exploded. During 
these 15 years man has learned of the 
tremendous potentialities of nuclear en- 
ergy and has witnessed a number of 
other dramatic technological develop- 
ments. Atomic fission and fusion, satel- 
lites and space exploration are impor- 
tant in themselves, but in a larger sense 
they are merely symbols of a scientific 
revolution that we are entering. We are 
on the verge of vastly greater power over 
the forces of nature than we have ever 
held in the past. The evidence is al- 
ready dramatically evident: compare 
the power of atomic fusion with the 
power of TNT, or the speed and range 
of Explorer with the speed and range 
of an airplane. Throughout the sciences 
discovery is accelerating. Astronomy, 
astrophysics, geology, and geophysics are 
greatly expanding our knowledge of the 
world, and of the universe. Chemistry 
is creating new marvels. In genetics, in 
pharmacology, in biochemistry, in neuro- 
physiology, we are conducting experi- 
ments that were inconceivable five or 
ten years ago. We are getting close 
enough to some of the secrets of living 
matter so that scientists of all fields 
understand, and many agree with, Van- 
nevar Bush’s statement !ast month that 
if he were starting his career now he 
would be a biologist. 

“We may be frightened or gladdened 
by this scientific revolution and its con- 
sequences. But like it or not, we cannot 
escape; we cannot stop the rush of sci- 
entific developments of which I speak. 
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The discoveries are being made in this 
country, in England and Europe, in the 
Soviet Union, and soon we will have to 
add China and other countries to this 
list. We cannot hide from this scientific 
revolution. There is no place to hide. 

“The only conceivable thing we can 
do is to prepare ourselves as intelligently 
as we can to take full advantage of the 
rush of future developments. To do this 
we must maintain our own scientific 
status with respect to the rest of the 
world and we must improve the quality 
of our educational system so that our 
citizens of tomorrow will be able to con- 
tribute to and realize the benefits of this 
scientific revolution. In this improve- 
ment of education, one of the goals is 
to educate future scientists. But of at 
least equal importance is to educate our 
future statesmen, lawyers, business lead- 
ers, and men and women of other pro- 
fessions so that they will have a better 
understanding of science and will be 
better prepared to deal wisely with the 
benefits, the problems, and the dangers 
of rapid scientific advance. 

“This point I want to emphasize as 
objectively and as powerfully as I can. 
As an indication of the importance we 
attach to it, the American Association 
for the Advancement of Science is hold- 
ing a special conference of leading sci- 
entists from all parts of the country and 
from all fields of science. The back- 
ground of that conference is the realiza- 
tion on the part of scientists of the 
urgency of preparing ourselves for the 
revolutionary developments ahead. The 
purpose of the conference is to consider 
the actions we should take now to 
strengthen science and education in the 
United States. 

“The American Association for the 
Advancement of Science is a particu- 
larly appropriate organization to hold 
such a meeting because of its central 
position among the scientific organiza- 
tions of the country. In our 110 years we 
have fostered the development of many 
of the leading scientific societies of the 
United States, and those societies—as 
well as others that have been established 
independently—are our close friends and 
formal affiliates. The AAAS has, there- 
fore, not only its own individual mem- 
bers, who number about 55,000 men and 
women from all fields of science, but 
also has 279 affiliated societies that cover 
all fields of science. No one pretends to 
speak for all of the scientists of the coun- 
try—some of whom are rather complete 
individualists—but our conference next 
month will come as close to doing that 
as an association can. 

“IT hope that you will forgive me for 
taking so long to get to the specific pro- 
visions of the legislation now before you. 
I have taken that time for two reasons: 
to tell you how vitally important it is in 
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the judgment of scientists to improve 
the quality of education; and to explain 
the background of our own thinking 
concerning the several provisions of the 
bills under consideration.” 

Consultants. “We consider the pro- 
visions for improving teaching and edu- 
cation to be the most important feature 
of the legislative proposals being con- 
sidered in these hearings. We take par- 
ticular interest in the proposed arrange- 
ments for the employment of science 
and mathematics supervisors in $.3163 
and science, mathematics, and language 
consultants in 8.3187. Two years ago we 
[the AAAS Science Teaching Improve- 
ment Program] installed science and 
mathematics consultants in the geo- 
graphic areas around the University of 
Nebraska, the University of Oregon, 
Pennsylvania State University, and the 
University of Texas. In each place there 
is a science consultant and a mathemat- 
ics consultant. Each is an experienced 
and expert teacher. Each has a telephone 
and an automobile, and each spends 
most of his time in working, on an in- 
dividual basis, with approximately 50 
less experienced teachers in his region. 
He helps them with teaching problems, 
with subject matter problems, and with 
the problems of increasing their own 
competence and knowledge. 

“This system works. Both teachers and 
superintendents testify to its effective- 
ness. We are convinced that adding a 
good consultant to 50 classroom teachers 
contributes much more to the improve- 
ment of teaching than does the addition 
of one more classroom teacher. We are 
pleased that a grant from the Carnegie 
Corporation enabled us to try out this 
system of science and mathematics con- 
sultants, and pleased to have the value 
of such consultants recognized in the two 
bills. 

“As between 8.3163 and S.3187, there 
is one aspect in which we prefer the 
latter. That is the matter of title; “con- 
sultant” describes the function better 
than does “supervisor,” for a major bene- 
fit of the consultants’ work comes from 
their getting out and consulting with 
classroom teachers, on the job, in their 
own classes, with their individual prob- 
lems. Titles do not always accurately 
describe functions, but we are a little 
afraid that supervisors may spend too 
much time in the state capitol making 
rules and keeping records and answering 
correspondence. 

“This brings up a related point. In 
the four states where we established 
consultants, we did so with full coopera- 
tion of the state departments of educa- 
tion, but the state. university and not the 
state department of education is the con- 
sultant’s home base. There are two im- 
portant advantages in this arrangement. 
First, the consultant is in close touch 


with his scientific colleagues on the cam- 
pus and is therefore a more up-to-date 
and better scientific representative to the 
teachers he serves than he would be 
without those regular campus contacts. 
Second, he helps to bring about liaison 
between school and college. He works 
with high school teachers, but he works 
under the direction of a committee of 
university scientists and educators. This 
arrangement brings scientists and edu- 
cators closer together on the campus and 
brings both closer to high school prob- 
lems, and this is all to the good. 

“There is nothing in either $.3163 or 
S.3187 that would prevent the kind of 
relation I have described. Neither is 
there anything to encourage it. It is prob- 
ably inappropriate to spell out any par- 
ticular plan, but I hope that the states 
will be encouraged to base their science, 
mathematics, and language consultants 
in the appropriate subject matter depart- 
ment at a university wherever that ar- 
rangement is possible.” 

Teacher education grants; higher sal- 
aries. “Turning now to the provisions of 
S.3187 that provide for summer school 
attendance and extension course enroll- 
ment on the part of teachers, and the 
provisions of $.3163 that provide match- 
ing grants to states that can be used to 
employ additional science and mathe- 
matics teachers or to augment the salaries 
of such teachers, it seems to me that both 
represent substitutes for what is ulti- 
mately desirable. Ultimately—and the 
sooner the better—we should break the 
existing, fairly rigid salary schedules so 
that teachers of high merit are paid high 
salaries and teachers of ordinary merit 
are paid ordinary salaries. 

“S.3163 would make a start in this 
direction by authorizing higher salaries 
for science and mathematics teachers 
who meet certain minimum require- 
ments. This is not fair to the good teach- 
ers of English or History or Foreign 
Languages. Yet I support it because of 
the urgent necessity of getting better 
qualified science and mathematics teach- 
ers and because I fear that only by pro- 
viding higher salaries for the abler teach- 
ers in some fields can we get started on 
the necessary changes of custom and at- 
titude that will lead to substantial in- 
creases for the ablest teachers in all 
fields. Let me urge, however, that the 
provisions of Section 223 (b) (2) be so 
stated or interpreted that the required 
qualifications be set at a truly desirable 
level rather than an emergency minimum 
level. More will be accomplished in rais- 
ing the status of teaching and setting a 
desirable goal for able prospective teach- 
ers by increasing substantially the salaries 
of the best 10 or 20 per cent of teachers 
than by giving minimum increases to all. 

“The provisions of S.3187 are even 
more of a substitute for the ultimately 
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necessary increase in teachers’ salaries and 
adoption of a salary scale that is based 
on merit and that exhibits a much wider 
range between top and bottom salaries 
than now exists. There are some clearly 
desirable aspects of the S.3187 provi- 
sions: it is desirable for many teachers 
in all fields to increase their subject mat- 
ter competence, and it is good to have 
the opportunity open to teachers in all 
fields. The subsidized attendance at sum- 
mer schools for advanced study is clearly 
preferable to having teachers eke out 
their salaries by summer work that is 
unrelated to their teaching. All these 
things are good, yet as between paying 
teachers to go to school and giving the 
better ones higher pay for doing a good 
job of teaching, I personally prefer the 
latter proposal.” 

Testing and guidance. “On another 
proposal for improving the quality of 
education, I can be brief. That is the pro- 
vision for strengthening the testing, coun- 
seling, and guidance program of the na- 
tion’s schools and improving the quality 
of counseling personnel. I know enough 
about the situation to know that these 
improvements are highly desirable, for 
here is one way in which we can help 
to overcome the difficulties of having the 
same school have to teach students of 
widely divergent interests, abilities, and 
later educational and career plans. When 
such a diversity of responsibilities falls 
on the shoulders of a single teacher, it is 
not surprising that much of her teaching 
is pitched at the level of the average 
student, and much of her individual at- 
tention devoted to the students who are 
having the most difficulty. Under these 
circumstances, the abler students are too 
frequently left to shift for themselves. A 
guidance counselor can help the abler 
student very materially in this situation; 
by paying individual attention to his 
abilities and interests, the counselor can 
help him to get into the most appropriate 
courses, help him to plan the education 
that will best develop his abilities, and, in 
general, give him a boost that he may not 
get from his teachers or his parents. I 
am not an expert in the field of counsel- 
ing, however, and hesitate to recommend 
the provisions of one bill over those of 
the other, although the longer time scale 
of $.3187 seems preferable, for it will 
take some years to train sufficient well- 
qualified counselors and to realize the 
benefits of an improved guidance pro- 
gram.” 

Graduate fellowships. “Similarly, I can 
be brief in commenting on provisions for 
graduate fellowships. This is an impor- 
tant provision of both $.3163 and S.3187, 
for as Secretary Folsom told you, the 
need for college faculty members is in- 
creasing in all fields, and the educational 
preparation of newly appointed faculty 
members is declining. In view of the fact 
that the National Science Foundation al- 
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ready has an excellent program of fellow- 
ships in the sciences, under which the 
Fellows can enroll in any university that 
accepts them, I urge consideration of the 
provisions of $.3163, for those provisions 
will, I believe, contribute more effec- 
tively to the building up of additional 
graduate education opportunities of high 
quality all over the nation than will the 
fellowship plans of 8.3187. Whichever of 
these systems is adopted, I strongly urge 
retention of the proposal, in both bills, 
to make fellowships available to students 
in all fields of advanced study.” 

Foreign languages. “The teaching of 
foreign languages is outside my area of 
competence, so I will not try to choose 
between the two bills, But let me com- 
mend the authors of both for recognizing 
the importance of giving our students 
better facility-in languages other than 
English. In terms of the literature they 
must read, the meetings they attend, and 
the colleagues with whom they can 
profitably discuss their work, scientists 
constitute one of the most international 
professional groups in the world. Yet too 
many of them are unable to carry on a 
conversation in any language other than 
English.” 

Scholarships. “I have left the topic of 
scholarships to the last, for there are sev- 
eral quite different things I want to say 
on that topic. There are three principal 
reasons for granting scholarships. One is 
to attract students into a field in which 
there might otherwise be a shortage. A 
second is to aid needy students to secure 
an education. The third is to encourage 
and reward scholarship of high quality. 
Each of these points should be considered 
in deciding upon the nature of a desir- 
able scholarship program. 

“First, the use of scholarships to attract 
students into fields in which there might 
otherwise be shortages. We need talent 
in science, mathematics, and engineering. 
But we also need talent in many other 
fields. Consequently, I endorse the state- 
ments in both S.3163 and S.3187 that 
students who expect to specialize in any 
field of study will be eligible for scholar- 
ships. But I would go farther than either 
bill does in this respect; I recommend 
that the emphasis on science and mathe- 
matics be stricken out of the scholarship 
provisions entirely. Where a special need 
is evident, it is appropriate to give spe- 
cialized fellowships at the graduate level. 
In the high school, it is proper now to 
give special attention to the teaching of 
science and mathematics, not because 
those subjects are more important than, 
say, English, but because it is important 
to redress some of the imbalances that 
we have allowed to develop. But in offer- 
ing a scholarship to a boy or girl who is 
about to graduate from high school, let 
us not try to purchase interests that have 
not developed naturally and that may 
not be permanent. The Board of Direc- 





tors of the American Association for the 
Advancement of Science has discussed 
this problem in some detail and is firmly 
on record as recommending that scholar- 
ships be awarded on the basis of merit, 
without consideration of the proposed 
field of specialization. I might add that 
the Educational Advisory Board of the 
National Academy of Sciences, the Engi- 
neering Manpower Commission, and the 
Scientific Manpower Commission have 
adopted exactly this same position. 

“The second use of scholarships is to 
aid needy students to secure an educa- 
tion. It is true that there are bright boys 
and girls who are good students, who 
would like to go to college, but who can- 
not afford to do so. But it is also true 
that their number is usually overesti- 
mated. The percentage of high school 
graduates who enter college has been 
rising in recent years, and most of the 
statistics that are quoted on this point 
are out of date. There are no thoroughly 
good, nationwide statistics on this mat-' 
ter, but recent studies by the Office of 
Education, the Educational Testing Serv- 
ice, and one or two states indicate that 
of the top 10 per cent of high school 
graduates, about 80 to 90 per cent enter 
college, and that of the top quarter of 
high school graduates, two thirds or more 
enter college. 

“What of the others? Some go into 
technical training institutions. Some of 
the girls take training as nurses and 
others marry. And an important fraction 
do not want to go to college. It is still 
true that some need partial help and 
others need full support, but there are 
already scholarships available from other 
sources, and the number of students who 
would go to college if one of these bills 
becomes law but who would not in the 
absence of such legislation is not large. 
Consequently, it seems to me that there 
are other and more effective ways to use 
a Federal scholarship program. 

“It is appropriate in this connection, 
however, to consider the student loan 
provisions of $.3187. I hope that these 
provisions will be adopted so that the 
United States can give a substantial stu- 
dent loan arrangement a really good try. 
It is frequently said that loan funds go 
begging on many campuses now, and 
while this is true, this is not the whole 
story. Some of the available loan funds 
provide only relatively small loans that 
must be repaid quickly. They are useful 
in tiding a student over a temporary diffi- 
culty, but are not useful in financing an 
education. There has never been as gen- 
erous and as widely available an oppor- 
tunity to borrow money for educational 
expenses as is proposed in S.3187. That 
may be one of the principal reasons why 
student loans have never become popular 
in the United States. 

“T would also like to support the for- 
giveness feature of the loan program for 
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Again, this is a substitute for the ulti- 
mately desirable goal of paying teachers 
salaries commensurate with their abili- 
ties and worth. But it is unrealistic to 
expect immediate adoption of such a 
salary scale. In the meantime, the op- 
portunity to cancel 20 per cent of the 
total loan for each year spent in teaching 
should aid the schools greatly in securing 
additional teachers. 

“The third function of a scholarship 
program is to encourage and reward 
scholarship of high quality. This is the 
function that should be given greatest 
emphasis. A scholarship of $500 or $1000 
a year for four years is a substantial 
award. A national scholarship program 
is a sign of national interest in academic 
excellence. Both the winners and those 
who compete but fail to win will be more 
likely to go to college because of their 
heightened interest and application. In 
order to make the program most effec- 
tive in improving scholarship and rais- 
ing educational standards, I suggest that 
scholarship winners be selected on the 
basis of a national examination that eni- 
phasizes the fields of subject matter 
knowledge that are of most importance 
as a basis for good college work. Admin- 
istration of these examinations can be 
local and there can be state quotas, but 
the national character of the examina- 
tions will enhance their prestige and mo- 
tivational value. 

“Senator Pastore has introduced a bill, 
$.1021, that proposes to offer scholar- 
ships to students who make sufficiently 
high scores on an examination covering 
high school mathematics. In earlier testi- 
mony, Professor I. I. Rabi has endorsed 
this idea. It is an excellent idea, for it 
would place clear emphasis upon the 
universal importance of a sound knowl- 
edge of mathematics whatever the field 
of specialization the student later en- 
tered. The idea can well be extended, 
however, so that scholarship winners 
would be selected on the basis of ‘an ex- 
amination covering mathematics, Eng- 
lish, and perhaps a modern foreign lan- 
guage and science. Such subjects as these 
are the core of a good background for 
college work. They are the subjects we 
want to emphasize in the education of 
bright students. A scholarship program 
that placed such clear stress on these 
fundamental fields of knowledge would 
motivate students to do well in their high 
school work, would offer tangible proof 
to teachers, students, and parents of the 
importance attached to the basic college 
preparatory subjects in the high school 
programs of bright students, and would 
leave the students completely free to 
choose their own fields of specialization 
after they entered college. Here is a 
method by which a scholarship program 
can both motivate individual students to 
do well in their work, and at the same 
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time encourage teachers, school admin- 
istrators, and school boards to provide 
high quality instruction in the subjects 
that are of greatest value to bright stu- 
dents. 

“In conclusion, I would like to com- 
mend the wording of the statement of 
purposes of S.3187. I refer particularly 
to the words, ‘. . . assure the intellec- 
tual preeminence of the United States. 
.. . This is a noble objective. I hope 
that we mean it, and that we enact legis- 
lation that will asure the intellectual pre- 
eminence of the United States.” 


A Security Case in Britain 


A British scientist suspended from his 
position on security risk charges has won 
his appeal against dismissal and has re- 
turned to work. According to a recent 
Reuters dispatch from London, “Mr, Z” 
was suspended 4 days before Christmas 
because he was judged to be “susceptible 
to Communist pressure.” A special in- 
vestigation officer had reported, after a 
routine interview to which all civil ser- 
vants engaged on secret work are periodi- 
cally subjected, that Mr. Z had “extreme 
pro-Russian sympathies.” Listed against 
him were the following statements he 
made to the investigating officer’s ques- 
tions: that what was being done in Hun- 
gary by the Russians was no worse than 
the British government was doing in 
Cyprus; that there was no more repres- 
sion in Russia than in other countries; 
and that Russia was living “in a world 
opposed to her.” 

Mr. Z, who was on full pay during his 
suspension, appealed to the three ad- 
visers appointed by the Prime Minister 
to hear appeals against security dismissal 
cases. It is reported that he denied that 
he was pro-Russian and pointed out that 
he had merely expressed his views freely 
and honestly in answer to the questions 
put to him. 


Atmosphere Entry Simulator 


A new laboratory device capable of 
simulating the extremely high tempera- 
tures and thermal stresses encountered 
by missiles and space craft flying at 
great speeds in the earth’s atmosphere is 
announced in the annual report of the 
National Advisory Committee for Aero- 
nautics. The NACA calculates that a 
model only 0.36 inches in diameter and 
weighing 0.005 pound can simulate the 
reentry flight of a full-scale 4000-mile 
range missile of diameter 3 feet and 
weight 5000 pounds. 

The atmosphere entry simulator was 
designed by Alfred J. Eggers, Jr., of 
the NACA Ames Aeronautical Labora- 
tory, Moffett Field, Calif. Another 


Ames scientist, H. Julian Allen, con- 


ceived the principle of blunt shaping 
of missile nose cones as a means of mini- 
mizing the heating factor. 

The main element of the simulator 
is a trumpet-shaped nozzle through 
which air at supersonic speed undergoes 
changes in density from one end of a 
20-foot passage to the other. The missile 
model is launched from a high velocity 
gun against the air stream. While flying 
through the nozzle test chamber, the 
model encounters air of increasing den- 
sity, thus duplicating the flight course of 
a full-scale missile. The simulator can 
provide a variation in density over a 
range of 100,000 feet. It is used at alti- 
tudes up to a maximum of 200,000 feet. 

A pilot model of the simulator is in 
use at the Ames Laboratory and a larger 
version is nearing completion. The 
NACA reports that the new reentry 
simulator will be in operation later this 
year for use on problems related to mis- 
sile and space craft research. 


News Briefs 


At a ceremony last month at Bonn 
University, the German Council of Arts 
and Sciences (Wissenschaftsrat) was offi- 
cially established. According to an agree- 
ment made between the Federal Govern- 
ment and the states, this council is to 
coordinate all West German plans for 
the advancement of the arts and sciences, 
to draw up a program of matters to be 
given attention, and to submit recom- 
mendations about how available funds 
are to be used. 

* * * 

The United States will operate four 
scientific stations in Antarctica in 1959. 
Rear Admiral George Dufek announced 
recently that the South Pole, Byrd, Hal- 
lett, and McMurdo Sound stations had 
been selected for further operations at 
the conclusion of the International Geo- 
physical Year. Three bases will be dis- 
continued: Little America, Ellsworth, 
and Wilkes. Little America, however, 
will be used as a weather-reporting sta- 
tion, and its snow runway will be main- 
tained as an emergency landing strip 
for flights to the McMurdo Sound and 
Byrd stations. 

* 2 @ 

The story of Archimedes, Greek 
mathematician, physicist, and inventor 
who discovered the underlying principle 
of specific gravity, will be seen on Tele- 
phone Time’s Man of Principle over 
ABC-TV on 25 March at 9:30 p.m. EST 
and PST (8:30 p.m. other time zones). 

* * * 

The National Merit Scholarship Cor- 
poration has announced that future Merit 
Scholarship competitions will begin with 
the testing of high school juniors rather 
than seniors. Thus, the 1958-59 program 
will begin this spring with a nationwide 


examination for second-semester juniors 
and first-semester seniors on 29 April 
1958. Three previous national competi- 
tions have started with fall examinations, 
administered to members of the senior 
classes. The new junior-year test will 
enable students to understand more about 
their academic strengths and weaknesses 
in time to apply the information in 
choosing courses in the senior year. 


Scientists in the News 


CLAY G. HUFF, head of the division 
of parasitology in the Naval Medical 
Research Institute, Bethesda, Md., was 
awarded the Navy Distinguished Civil- 
ian Service Award at ceremonies in the 
office of the Assistant Secretary of the 
Navy, Fred A. Bantz, on 10 February. 
Huff's citation read: 

“For exceptional and exemplary con- 
tributions which have added _ signifi- 
cantly to the prestige of naval medical 
research in the field of parasitology. You 
have advanced basic research on the 
tissue phase of the malarial parasite, 
particularly the development of the far- 
reaching implication of the exoerythro- 
cytic stages on the important phenomena 
of host and parasite susceptibility and 
immunity. You have established yourself 
as a world authority on the morphology 
of exoerythrocytic stages of plasmodia 
from a wide variety of both warm and 
cold-blooded vertebrate hosts. Your dis- 
tinguished achievements in the tissue 
phase of the malarial parasite are a 
matter of wide implication to military 
medicine and to the civilian populace 
since they represent milestones in the 
field of medical parasitology and tropi- 
cal medicine.” 


JOHN R. DUNNING, dean of the 
Columbia University Engineering School 
and the first American scientist to dem- 
onstrate uranium fission, was one of the 
recipients of the annual Stevens Honor 
Award at a recent banquet of the Alumni 
Association of Stevens Institute of Tech- 
nology. 


GEORGE GAYLORD SIMPSON 
has asked to be relieved of his adminis- 
trative duties as chairman of the depart- 
ment of geology and paleontology at the 
American Museum of Natural History 
in order to devote his time more fully 
to research, teaching, and his position as 
curator of fossil mammals and _ birds. 
EDWIN H. COLBERT, curator of fos- 
sil reptiles and amphibians, who has 
been acting for Simpson, has been 
appointed chairman. In August 1956, 
while on an expedition to Brazil, Simp- 
son was the victim of a serious accident, 
as a result of which his activities have 
been necessarily limited. 
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ROBERT BROWN, botanist of -Ox- 
ford University, will lecture in May at 
the University of Texas on cell growth 
and differentiation. 


Recipients of the sixth annual Glycer- 
ine Research Awards of the Glycerine 
Producers Association are JAMES. TUL- 
LIS of the Blood Characterization and 
Preservation Laboratory, Jamaica Plain, 
Mass., first award of $1000 for his work 
in the glycerine freezing of human blood 
for long-term preservation; GUIDO 
MARINETTI, assistant professor of bio- 
chemistry at the University of Rochester 
School of Medicine and Dentistry, sec- 
ond award of $300 for work on the 
analysis, biosynthesis, and chemical 
structure of phospholipids, derivatives of 
glycerine found in the tissue of living 
cells; and HENRY R. SALLANS and 
C. G. YOUNGS of the Prairie Regional 
Laboratory, National Research Council, 
Saskatoon, Saskatchewan, Canada, third 
award of $200 for their work on the 
glyceride composition of fats. 


ARTHUR S. TAMKIN, formerly a 
psychologist with the Veterans Admin- 
istration, has been appointed director of 
research at the Columbus Receiving 
Hospital for Children, Columbus, Ohio. 
He is conducting a program of research 
on the evaluation of psychiatric treat- 
ment for the emotionally disturbed 
child. 


JAMES A. SHANNON, director of 
the National Institutes of Health, re- 
ceived the New York University College 
of Medicine Alumni Association’s 1958 
scientific award on 22 February at cere- 
monies dedicating the new Alumni Hall 
of New York University-Bellevue Medi- 
cal Center. He was cited for “outstand- 
ing achievements in the fields of renal 
physiology, malarial control and na- 
tional administration of medical re- 
search.” 


NEAL MILLER, James Rowland 
Angell professor of psychology at Yale 
University, has been appointed chair- 
man of the Division of Anthropology 
and Psychology of the National Acad- 
emy of Sciences—National Research 
Council, effective 1 July. 


SVEND M. CLEMMESEN of Co- 
penhagen, Denmark, will be the first 
Louis J. Horowitz visiting professor of 
physical medicine and rehabilitation at 
New York University—Bellevue Medical 
Center’s College of Medicine. Clemme- 
sen, who will be at the Medical Center 
during the month of April, is in charge 
of the department of physical medicine 
and rheumatology, Kommunehospitalet, 
Copenhagen, and is a lecturer at the 
University of Copenhagen. 


GEORGE H. NELSON: has_ been 
named president of Law-Barrow-Agee 
Laboratories, Inc., of Atlanta, Ga., and 
the firm has been renamed Law Engi- 
neering Testing Company. THOMAS C. 
LAW, president and founder of the 
company, will become chairman of the 
board. Nelson has been executive vice 
president since the company’s founding 
in 1948. 


Recent Deaths 


COMFORT A. ADAMS, Philadel- 
phia, Pa.; 89; Lawrence professor of en- 
gineering at Harvard from 1914 until 
1936, dean of its school of engineering 
in 1919, and Gordon McKay professor of 
electrical engineering in 1935-36; 22 Feb. 

HENRYK ARCTOWSKI, Washing- 
ton, D.C.; 86; specialist on world 
weather and retired research associate, 
Smithsonian Institution; before coming, 
to U.S. in 1939, head of the department 
of meteorology and climatology at the 
University of Lvov, Poland; 22 Feb. 

EGBERT F. BULLENE, San Fran- 
cisco, Calif.; 63; retired major general 
and former chief of the Army’s Chemi- 
cal Corps; 22 Feb. 

JOHN G. B. CASTOR, San Fran- 
cisco, Calif.; 49; associate professor of 
enology and associate microbiologist in 
the Experiment Station of the College of 
Agriculture at Davis; 4 Jan. 

CHARLES K. DEMING, New Ha- 
ven, Conn.; 64; surgeon with the Yale 
Medical School and the Department of 
University Health; specialist in indus- 
trial medicine; 21 Feb. 

ABRAHAM HOFFMAN, Fort Lau- 
derdale, Fla.; 83; professor of orthodon- 
tics at the University of Buffalo from 
1907 to 1919, head of the orthodontics 
department at New York University 
from 1924 to 1927, and head of the 
orthodontics department at the North- 
western University Dental School from 
1927 to 1939; 24 Feb. 

THOMAS H. HOGG, Toronto, Ont., 
Canada; 73; electrical engineer and for- 
mer chairman of the Hydro-Electric 
Power Commission of Ontario; 25 Feb. 

WILLIAM F. LORENZ, Madison, 
Wis.; 76; professor emeritus of psychi- 
atry of the University of Wisconsin; 
pioneer in the use of carbon dioxide gas 
for the treatment of psychoses; 19 Feb. 

FREDERICK A. WATERMAN, Tuc- 
son, Ariz.; 53; assistant professor of zool- 
ogy at the University of Arizona; for- 
merly associate professor of biology at 
Wayne University; 30 Dec. 

THOMAS W. STEVENSON, Jp. 
Mount Kisco, N.Y.; 53; noted plastic 
surgeon who specialized in restoring 
hands; professor of clinical surgery at 
Columbia University’s College of Physi- 
cians and Surgeons; 22 Feb. 
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glassware is a direct reminder of the Kimble name and tradition 
of craftsmanship. In graduated ware, where standards of precision 
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Kimax “hard” glass laboratory equipment withstands 
changes in temperature that would spell instant death 
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ern laboratories, where its unique properties permit uses 
never possible with common glass. 


Amazing resistance to sudden temperature change is 
but one property which makes Kimax invaluable in the 
world’s laboratories. Kimax also is virtually unaffected 
by alkalis and boiling acids, other than hydrofluoric, and 
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Constitutional and Environmental 
Interactions in Rearing of 
Four Breeds of Dogs 


The initial intention of the present 
study was to determine the relative ef- 
fects of “indulgent” and “disciplinary” 
modes of rearing in dogs, with particular 
emphasis on how each method affects 
the obedience of the animal at matur- 
ity. The work derived from the exten- 
sive observations of children made by 
D. M. Levy (1), who has shown that 
overindulgent rearing may lead to psy- 
chopathy, a syndrome which involves an 
abnormal inability to inhibit one’s im- 
pulses. The study described in this re- 
port was an attempt to deal experimen- 
tally with Levy’s concept. As will be 
seen, the results are of interest aside 
from their reflection on this initial hy- 
pothesis. 

Eight litters of four pups each were 
used. These included two litters each of 
Shetland sheep dogs, basenjis, wire- 
haired fox terriers, and beagles. Follow- 
ing weaning at 3 weeks of age, each lit- 
ter of four was divided into two pairs 
equated as closely as possible on the 
basis of sex, weight, activity, vocaliza- 
tions, maturation of eyes and ears, and 
reactivity to a startling stimulus. Each 
member of one pair was thereafter in- 
dulged, and each member of the other 
pair was disciplined, during two daily 
15-minute periods from their third to 
their eighth week of age. 

Indulgence consisted of encouraging a 
pup in any activity it initiated, such as 
play, aggression, and climbing on the 
supine handler. These pups were never 
punished. By contrast, the disciplined 
pups were at first restrained in the ex- 
perimenter’s lap and were later taught 
to sit, to stay, and to come upon com- 
mand. When still older they were trained 
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Reports 


to follow on a leash.The pups were han- 
dled and tested individually by a single 
experimenter throughout the study. They 
lived in pairs in isolation boxes the re- 
mainder of the time, where members of 
indulged and disciplined pairs received 
identical treatment. The results were as 
follows. 

At 8 weeks of age each pup was sub- 
jected to the following test: Each time 
a pup ate meat from a bowl placed in 
the center of a room, he was punished 
with a swat on the rump and a shout 
of “no!” After three minutes the experi- 
menter left the room and, observing 
through a one-way glass, recorded the 
time that elapsed before the pup again 
ate. The results over 8 days of testing 
are summarized in Fig. 1. Basenjis 
tended to eat soon after the experi- 
menter left, the method of rearing hav- 
ing no statistically significant effect. Shet- 
land sheep dogs tended to refuse the 
food over the entire 8 days of testing. 
Again, the fashion of rearing had no sig- 
nificant effect. Beagles and wire-haired 
fox terriers, however, differentiated into 
two significantly disparate groups, de- 
pending on the condition of rearing. 
The Friedman nonparametric analysis 
of variance (2) indicates that the in- 
dulged pups took significantly longer to 
return to the food than did the disci- 
plined pups (p= 0.001). Thus, as meas- 
ured in this test, essentially the same 
differences in treatment had a decisive 
effect upon only two breeds. 

Can characteristics of the breeds ex- 
plain the differences in performance on 
this test? It was clear that, during train- 
ing, beagles and wire-haired terriers 
were strongly oriented to the experi- 
menter and sought contact with him 
continuously. Basenjis, by contrast, were 
interested in all phases of the environ- 
ment and often ignored the experimenter 
in favor of inanimate objects. Shetland 
sheep dogs showed yet another pattern; 
all became fearful of physical contact 
with the experimenter and tended to 
maintain distance from him. We see, 
then, that the two breeds that were 
highly attracted to the experimenter dif- 
ferentiated as a result of the mode of 
rearing, whereas the breeds that exhib- 
ited aloofness (basenjis) and excessive 
timidity (Shetland sheep dogs) did not. 
Apparently it was the strong (constitu- 


tional) attraction in interaction with in- 
dulgent treatment that enhanced the 
effectiveness of later punishment. It 
should be noted that basenjis and Shet- 
land sheep dogs were not entirely un- 
affected by the differential treatment. 
The scores of all indulged animals were 
significantly different from those of their 
disciplined counterparts on five of ten 
tests administered. In general, these tests 
indicated that the indulged pups were 
more active, more vocal, less timid (al- 
though more easily inhibited with pun- 
ishment) than the disciplined pups. 

A test of individual reactions to vet- 
erinary treatment based on vocalizations 
and the degree of activity during routine 
injections indicates that indulged pups 
were more vocal and active than disci- 
plined pups in their protest (p = 0.02, 
Mann-Whitney) and that basenjis were 
more vocal and active than the other 
three breeds (p = 0.01, Friedman analy- 
sis of variance). It has been found at 
our laboratory that basenjis generally 
gain higher scores on this test than other 
breeds; hence these data suggest that 
similar behavior may be due in one in- 
stance to constitution (as in the basenjis) 
and in other instances to the conditions 
of rearing. 

A test of the level of activity, in which 
the pups were observed from a hidden 
vantage point for 10 minutes, was ad- 
ministered. The testing area was 10 by 
20 ft and was demarcated into eight 
squares of 5 by 5 ft each. In this setting, 
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Fig. 1. Performance of 8-week-old pup- 
pies on the “inhibition-to-eating” test 
(see text for details of procedure). 
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disciplined Shetland sheep dogs showed 
significantly less activity than any other 
animals (p=0.001, Friedman analysis 
of variance). In another test the experi- 
menter sat silently in a room for 10 
minutes and recorded the amount of 
time the pups spent in contact with him. 
In this test the indulged Shetland sheep 
dogs differed significantly from all other 
dogs in that they rarely approached 
the experimenter (p=0.001, Friedman 
analysis of variance). From these results 
it is clear that a specific test for.a specific 
breed may facilitate expression of the 
effects of early rearing. 

The conditions of rearing were con- 
tinued over a second period, when the 
pups were 11 to 15 weeks of age, and 
all tests were readministered, with essen- 
tially the same results. 

In the follow-up observations and 
tests, the indulged beagles, in contrast 
to all other animals, underwent’ dramatic 
changes, in time, although all animals 
were maintained under standard condi- 
tions. On a weekly test in which the 
time taken to catch each animal was 
recorded, these animals became exceed- 
ingly shy and wary of being caught when 
approached by various human beings, 
including the experimenter (p= 0.05, ¢ 
test). Thus, it appears that changes in 
the behavior of certain animals may 
occur that are seemingly independent of 
the current environment and belatedly 
dependent, instead, upon the mediation 
of past experiences. 

D. G, FrEEDMAN* 
Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine 
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* Psychiatric 


New Test for Tranquilizers 


The clinical success of the tranquiliz- 
ing drugs has yet to be matched by a 
comprehensive experimental account of 
their behavioral effects. However, there 
has been impressive progress in certain 
areas. For example, a number of studies 
have dealt with the effects of tranquil- 
izers on the behavior of experimental 
animals in the presence of stimuli asso- 
ciated with punishment (“‘anxiety” or 
“fear” situations).-(1, 2). Tranquilizers 
have also impaired animal performance 
in discrimination tasks (3). The present 
report describes a somewhat different 
approach to “tranquilization.” The find- 
ings suggest an aspect that is not asso- 
ciated with punishment or “fear reduc- 
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Fig. 1. Dose-response curves from two birds. Individual sessions appear as circles and. 


dots; lines join the means of three sessions. The higher the curve, the longer, on the 
average, the bird stood still to gain food reinforcement. 


tion” and that is expressed in improved 
rather than impaired performance. Pi- 
geons have served as subjects in this 
work. 

The basic idea of the method may be 
stated simply. A pigeon is trained to 
stand still in a particular location. The 
longer it stands continuously in the 
designated spot, the more likely it is to 
receive food reinforcement. The bird’s 
performance of this “standing response” 
is recorded as a function of drug dosage. 

The method has been applied in a 
brief study as follows. The bird was 
placed in a closed, cubical chamber. A 
food magazine set in the front wall of 
the chamber operated automatically to 
present grain to the bird. Small photo- 
cells were located on one side wall and 
on the rear wall of the chamber. The 
cells were placed at about the height of 
the pigeon’s head when it stood erect. 
Opposite the cells, in the front wall and 
in the other side wall, were small elec- 
tric lamps. When the bird stood in a 
circumscribed area near the center of 
the chamber, its head cast a shadow over 
both photocells simultaneously. When 
the bird was in any other position, one 
or both cells received light from the 
lamp opposite. If the bird stood in the 
correct position and cut off light con- 
tinuously from both cells for a_ suffi- 
ciently long period, it gained access to 
the food magazine for 5 seconds, A 
translucent disk on the front wall of the 
chamber glowed whenever the bird was 
in the right position. The length of time 
that the bird stood continuously in the 
correct position is defined as the “re- 
sponse time.” 

The hungry pigeon (weighing about 





80 percent of the weight it attained when 
it was allowed to feed freely) was trained 
as follows. First it was allowed to be- 
come familiar with the food magazine, 
and then it was given food whenever it 
happened by chance to stand in the cor- 
rect position for half a second or so. As 
in other instances of operant condition- 
ing (4), the bird spent more and more 
time in the correct position, and the re- 
sponse time required to bring food was 
gradually increased. 

Each experimental session lasted 2 
hours. During this time, the bird re- 
ceived approximately 30 food reinforce- 
ments, averaging one every 4 minutes. 
This schedule was maintained by vary- 
ing the response time required for rein- 
forcement. With each reinforcement, the 
response time required to bring food the 
next time was increased by 2 seconds. 
Every 4 minutes the required response 
time was automatically reduced by 2 
seconds, regardless of the bird’s behav- 
ior. Thus, if the bird averaged more than 
one reinforcement in 4 minutes, it grad- 
ually increased the response time re- 
quired, while if it averaged fewer rein- 
forcements, the response time gradually 
decreased. No matter how “well” the 
pigeon performed (that is, how long, on 
the average, it stood continuously in the 
critical position), an equilibrium was 
reached such that the bird was rein- 
forced about every 4 minutes. (Of 
course, if the bird had not performed 
the correct response at all it would not 
have been reinforced, but this situation 
did not arise in the experiment de- 
scribed in this report.) Counters totaled 
the number of response times that fell in 
each of ten intervals covering the range 
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from 0 to 30 seconds. The average re- 
sponse time for each 2-hour session was 
computed from these tctals. 

Although the correct position was 
such that the bird was not required to 
stand perfectly still but could move its 
head somewhat while remaining within 
bounds, the task proved a difficult one. 
Well-trained birds stood for an average 
of only 5 to 6 seconds before they moved 
away. While standing, they appeared to 
be very excited and commonly made 
slight pecking movements. 

In testing sessions, the drug or control 
water dose was administered intramus- 
cularly 10 minutes before the experimen- 
tal session began. The results of a series 
of sessions with two birds are shown in 
Fig. 1. Dose-response curves for chlor- 
promazine, a widely used tranquilizer, 
and pentobarbital, a hypnotic, appear 
together, with their associated water con- 
trols. The average response times during 
three sessions at each dosage are con- 
nected by lines, while individual sessions 
appear as separate dots. Dosage, in mil- 
ligrams per kilogram, is shown on the 
abscissa. 

It is evident that chlorpromazine sub- 
stantially lengthened the response time 
that these birds were able to sustain, 
while pentobarbital reduced the response 
time (5). Since the birds were highly 
excited, one may appreciate at a com- 
mon-sense. level why a “tranquilizer” 
might enable the bird to “stand still” for 
an extended time. Neither drug, it should 
be noted, was given in doses large enough 
to produce gross behavioral effects such 
as ataxia. The difference in the direction 
of effect of the two drugs is of some in- 
terest, because these drugs have pro- 
duced effects in the same direction 
(though of different magnitude) both in 
conditioned avoidance and in discrimi- 
nation experiments (J, 3). It remains to 
be seen whether other tranquilizers will 
produce effects similar to those of chlor- 
promazine, or whether such effects will 
be matched by drugs not ordinarily 
classed as tranquilizers. If the promise of 
the initial results is borne out, it may 
prove profitable to study other varieties 
of “continuous” responding and perhaps 
to investigate the effects of tranquilizers 
in other areas that do not involve “anx- 
iety” or “fear.” 

Donatp S. BLoucH 
National Institute of Mental Health, 
Bethesda, Maryland 
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Hormone-Induced Ovarian 
Development in Mosquitoes 


The common house mosquito, Culex 
pipiens L., is said to be anautogenous in 
that the adult female requires a blood 
meal to form eggs. A closely related 
form, referred to as Culex molestus, is 
autogenous; these females are able to 
produce a small batch of eggs without 
having imbibed blood or any other food. 

It has been stated that a blood meal 
or some blood fraction is necessary to 
initiate egg formation in some mosqui- 
toes (1). 

Twohy and Rozeboom (2) have 
shown that C. molestus contains more 
nutritional reserves than C. pipiens if 
the two species are reared under com- 
parable conditions, but they agree with 
Clements (3) that nutritive conditions 
per se are not responsible for initiation 
of autogenous ovarian development. 
However, the possibility that the ovar- 
ian development of mosquitoes, like that 
of some other insects, is controlled by 
hormones has been suggested. The ex- 
periments that are reported here (4) 
were specifically designed to clarify this 
issue. 

The undeveloped ovaries of C. pipiens 
were removed 5 to 7 days after the fe- 
males had emerged [Fig. 1 (3)] and 
were transplanted into recently emerged 
C. molestus females. Four days later the 
C. molestus females were dissected, at 
which time the transplanted ovaries were 
seen to be fully developed [Fig. 1 (4)]. 
Undeveloped ovaries of Aedes aegypti 
(also an anautogenous mosquito) which 
had been transplanted into recently 
emerged C. molestus females also were 
shown, on dissection, to have become 
completely developed after 4 days. On 
the other hand, ovaries of C. pipiens or 
C. molestus, when transplanted into C. 
pipiens females, do not develop if the 
hosts are denied a blood meal. Hence, 
the factors responsible for initiation of 
development are not inherent in the 
ovary. 

It has been shown for a number of in- 
sects that ovarian development is con- 
trolled by hormones and that a hormone 
produced by the corpora allata is in- 
volved (5). In the light of these findings, 
the corpora allata were removed from C. 
molestus females within 24 hours after 
emergence and transplanted into 5- to 
7-day-old female C. pipiens. This opera- 
tion is technically rather difficult but 
was successful on five occasions. These 
females were dissected 5 days after the 
transplantation and, in each case, con- 
tained fully developed eggs [Fig. 1 (1, 
2)]. The evidence thus suggests that 
ovarian development is induced by a 
gonadotropic hormone secreted by the 
corpora allata. The young C. molestus 
female is apparently able to release this 





hormone without taking a blood meal, 
while C. pipiens needs to ingest blood 
for the release of the allatum hormone. 

Ligature experiments by Detinova (6), 
Clements (3), and Gillette (7) and by 
me have provided evidence that a factor 
in the brain, presumably hormonal in 
nature, is also involved in the matura- 
tion of the ovary. The evidence pre- 
sented here indicates that the corpora 





Fig. 1. (1) Section through ovary of a 
2-day-old adult C. pipiens, showing con- 
dition of resting ovary in adult mosquito 
not fed on blood. (2) Section through 
part of adult C. pipiens ovary, showing 
fully developed eggs 5 days after corpora 
allata transplantation. (3) Total mount 
of ovary of a 5-day-old adult C. pipiens 
not fed on blood, showing size of ovary at 
time of transplantation. (4) Culex pipiens 
ovary 4 days after transplantation into a 
24-hour-old C. molestus host. Note fully 
pst eggs. Compare with ovary in 
S): 
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allata are also a link in the humoral 
cycle initiating ovarian development in 
mosquitoes. 

JosepH R. Larsen 
Division of Medical Entomology, Johns 
Hopkins University School of Hygiene 
and Public Health, Baltimore, Maryland 
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Testing a Servoanalytic 
Hypothesis for Pupil 
Oscillations 


Oscillations are a common and im- 
portant instance of the malfunctioning 
of a servomechanism. Oscillations are 
also a common pathological abnormality 
in a wide variety of neurological diseases 
and are manifested in such clinical signs 
as tremor, ataxia, clonus, and nystagmus. 
This report indicates how a biological 
system has been analyzed by linear servo- 
analytic methods and experimentally jus- 
tifies this approach by quantitatively 
verifying a prediction. 

The pupil response to light—an exam- 
ple of neurological servosystem—has 
been studied by means of servoanalytic 
concepts and techniques (J). A sinu- 
soidally varying intensity of light was ap- 
plied, and the pupil area was continu- 
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Fig. 1. Nyquist diagram of pupil response. 
This is a vector plot of gain and phase 
shift. The scale of the modulus is shown, 
and a few frequencies are indicated. The 
curve is derived from fitted lines from 
gain and phase frequency-response graphs, 
while the points are experimental. 
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ously recorded. When intensity increases, 
the pupil contracts. The resultant effect 
of light falling on the retina can be re- 
solved into two factors: (i) an increase 
due to increase in applied intensity and 
(ii) a decrease due to contraction of the 
pupil. System gain is here defined as the 
ratio of (ii) to (i). An open-loop trans- 
fer function 


G(s) =0.16¢-9188/(1 +0.15)3 


was computed from data graphically dis- 
played in Fig. 1. This, the Nyquist dia- 
gram, is a vector plot of the relationship 
between gain and phase shift at various 
frequencies. For example, at 1.2 cy/sec, 
the gain is 0.12, with a phase lag of 180°. 
This gain means that the pupil compen- 
sates for 12 percent of the change in ap- 
plied light intensity. 

If the gain were to be increased to 1.0 
or more, the system would become un- 
stable, and the pupil would oscillate at 
its natural frequency—that is, the fre- 
quency at which the phase lag is 180°. 
From the figure we see that this fre- 
quency is 1.2 cy/sec. Thus, from our 
servoanalysis of the normal, low-gain, 
stable pupil system, we are led to predict 
that a large increase in gain would pro- 
duce sustained oscillations and that the 
frequency of these oscillations would be 
1.2 cy/sec (72 cy/min). A test of the 
validity of the servoanalytic method 
would be the production of pupil oscil- 
lations in this manner and at the pre- 
dicted frequency. Observations which 
comprise such a test are already avail- 
able for evaluation. 

Clinical studies have been reported in 
which sustained oscillations of the pupil 
have been produced and in which the 
frequency of the oscillations has been 
measured. Stern (2) pointed out that a 
series of oscillations of the pupil could be 
induced by imaging a small point of light 
just on the margin of the pupil. This 
causes the iris to contract, and all the 
light is cut off in the early phase of con- 
traction. The iris therefore redilates, and 
full light intensity again enters the eye. 
The gain is thus increased to more than 
1.0, and sustained oscillations result. 
Campbell and Whiteside (3) made a 
careful study of parameters affecting this 
induced pupil oscillation, using quanti- 
tative techniques on a group of normal 
subjects. A third report is that of Wybar 
(4), who studied a large number of nor- 
mal subjects and also patients with mul- 
tiple sclerosis (5). In Table 1 the fre- 
quencies of the sustained oscillation ob- 
served are summarized. 

There is good agreement between the 
frequency of pupil oscillations observed 
in normal subjects and our prediction. 
Further experiments have been carried 
out by Stark and Baker (6) in which the 
transfer function of the pupil system has 





Table 1. Observed frequencies of pupil 
oscillations (references in parentheses). 











Mean 
Group studied frequency 
(cy/min) 
10 Normal subjects (2) 80 
1 Normal subject (3) 71 
37 Normal subjects (3) 69 
34 Normal subjects (4) 62 
Patients with multiple 
sclerosis: 70 pupils (4) 41 
Predicted value (1) 72 


been altered by drugs. For example, when 
the 180°-phase cross-over frequency was 
changed from 1.5 to 0.9 cy/sec, the high- 
gain oscillation frequency shifted in a 
parallel fashion from 1.5 to 1.0 cy/sec 
(6). 

The qualitative value of the servo- 
analytic approach is demonstrated by the 
clarification introduced through explana-, 
tion of the nature of these pupil oscil- 
lations. The quantitative nature of the 
method is illustrated by the accuracy of 
the prediction (7). 

LAWRENCE STARK 
Tom N. CorNSWEET 
Departments of Neurology and 
Psychology, Yale University, 
New Haven, Connecticut 
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Preparation of an Apoprotein 
from Ceruloplasmin by Reversible 
Dissociation of Copper 


The blue copper-protein of plasma, 
ceruloplasmin, with a molecular weight 
of 151,000, contains eight atoms of cop- 
per per molecule (1). The physiologic 
significance of this protein, while not 
clear, has usually been implicitly asso- 
ciated with its oxidase activity (2-5). 
On the other hand, the possibility that 
reversible binding and release of copper 
by the protein may be the basis of its 
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physiologic role has been considered im- 
probable (4), largely because attempts 
at removing the copper from the protein 
have resulted in irreversible denaturation 
of the ceruloplasmin (2, 6). A consider- 
ation of the possible etiologic relation- 
ship of hereditary deficiency of cerulo- 
plasmin to Wilson’s disease, which is 
primarily a disorder of copper metabo- 
lism, led to experiments with radioac- 
tive copper and ceruloplasmin which in- 
dicated that the copper-protein bond 
can, in fact, be reversibly dissociated 
under certain conditions (7). These re- 
sults suggested that it might prove pos- 
sible to remove copper from cerulo- 
plasmin and prepare an apoprotein 
which would be capable of recombining 
with copper to form ceruloplasmin. This 
report describes experiments in which 
such an apoprotein was obtained (8). 

The reversible separation of the cop- 
per and protein was effected under con- 
ditions which were as similar as possible 
to those under which exchange of cerulo- 
plasmin copper and radioactively labeled 
copper ions had been observed. The pro- 
cedure was carried out, therefore, in an 
acetate buffer and in the presence of 
sufficient ascorbic acid to keep the ce- 
tuloplasmin copper in the monovalent 
state throughout its removal from the 
protein. Advantage was taken of the fact 
that the diethyldithiocarbamate ion com- 
bines tightly with copper ions to form a 
colloidal suspension (9). This made it 
possible to remove by ultracentrifugation 
the copper which had been separated 
from ceruloplasmin. 

Solution A (Table 1) was made by 
bringing ceruloplasmin preparation AK- 
81 (10) to a pH of 5.2 and an ionic 
strength of 1.2 with acetate buffer. To 
35.5 ml of solution A, which contained 
8.5 mg of ceruloplasmin per milliliter, 
58.5 mg of crystalline ascorbic acid was 
added, which instantly decolorized the 
blue solution. During the next 5 hours 
the solution was kept at 0°C and was 
stirred while 9.3 ml of 0.4-percent so- 
dium diethyldithiocarbamate in water 
was added, dropwise. The final mixture, 
B—golden brown and slightly cloudy— 
was centrifuged in a Spinco model L 
ultracentrifuge for three hours at 40,000 
rev/min, at 0°C. The black precipitate 
was analyzed quantitatively for copper, 
and 32.0 ml of slightly yellow, but clear, 
supernatant solution, C-1, was passed at 
0°C through a column of ion-exchange 
resins containing 10 ml of IR-120 (so- 
dium) resin and 15 ml of IRA-400 
(acetate) resin (J1). By rejecting the 
dilute fore- and after-runs, we obtained 
31.0 ml of a clear, water-white solution, 
C-3, which contained 69.9 percent of the 
protein of solution A. The C-3 solution, 
which contained the apoprotein, was 
kept frozen at — 30°C in several aliquots. 
Ceruloplasmin was regenerated after 
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thawing by the addition of 1.3 ml of as- 
corbic acid solution (120 ug/ml), 3.0 ml 
of cupric sulfate solution (20 ug of Cut+ 
per milliliter), and 7.7 ml of water to 
3.0 ml of C-3. After passage of this solu- 
tion through a column which contained 
7 ml of acetate resin and 14 ml of so- 
dium resin (12), and which had been 
previously equilibrated with a 0.2M ace- 
tate buffer of pH 5.25, 14.8 ml of a clear 
blue solution, C-4, which contained ce- 
ruloplasmin, was collected. 

Table 1 lists comparative analytical 
data on the original ceruloplasmin, the 
apoprotein, and the regenerated cerulo- 
plasmin. It is clear that about 95 percent 
of the blue color, enzymatic activity, and 
ceruloplasmin copper possessed by the 
protein in solution A have been removed 
from C-3, 

The analyses of C-4 indicate that 
nearly 60 percent of both the blue color 
and tightly bound ceruloplasmin copper 
and 86 percent of the enzymatic activity 
present in solution A were restored to 
C-3. Addition of up to ten times as much 
copper and ascorbic acid as were used 
originally resulted in no greater intensity 
of blue color or greater yield of tightly 
bound copper or enzymatic activity. 

We have observed that the addition of 
cupric ions without ascorbic acid to a 
solution of apoprotein does not result in 





the formation of blue ceruloplasmin. 
However, enzymatic activity equal to 
that of C-4 is found in this solution if 
the substrate paraphenylenediamine di- 
hydrochloride is added after addition of 
the cupric ions. Oxidation of this sub- 
strate produces dark-colored products 
which have prevented us from deter- 
mining if the paraphenylenediamine di- 
hydrochloride has restored bive color to 
the apoprotein-cupric ion mixture in ad- 
dition to restoring enzymatic activity. 
The percentage of enzymatic activity 
restored to C-4 is disproportionately 
higher than the amounts of blue color 
and tightly bound copper which were re- 
generated. It has consistently been found 
to be the case that each atom of copper 
which is recombined with apoprotein is 
about 1.5 times as active enzymatically 
as an atom of copper in the original 
ceruloplasmin. Yet this enhancement is 
not found with respect to the blue color. 
Current work is directed toward deter- 
mining the reason for this discrepancy. 
The physiologic significance of the 
demonstration that ceruloplasmin can 
exist as an apoprotein remains to be 
clarified. It is at least consistent with the 
hypothesis that ceruloplasmin functions 
by reversibly releasing and binding cop- 
per at various sites in the organism, pos- 
sibly thereby regulating the absorption 


Table 1. Quantitative comparison of some characteristics of ceruloplasmin (solution A), 
the apoprotein (solution C-3), and regenerated ceruloplasmin (solution C-4). (O.D., 


optical density. ) 





Characteristic 


Total protein 
O.D.= mu 


lem 
Nitrogen (mg/ml) 
Blue color 
£OD Se as\* 





Blue color, as percentage of that in solution A, 


corrected for content of total protein} 
Copper 
Total (ug/ml) t 
Free (ug/ml) § 
Ceruloplasmin copper (ug/ml) || 


Ceruloplasmin copper, as percentage of that 
in solution A, corrected for content of total 


protein} 
Enzymatic activity 
AO.D.% "“/min mlf 


Enzymatic activity, as percentage of that 


in solution A, corrected for content of total 


proteint 


Solution 
A C-3 C-4 
15.25 10.64 2.00 
1.4 1.09 0.195 
0.635 0.011 0.048 
100 2.48 573 
30.7 1.46 2.54 
LZ 0.00 0.32 
29.0 < 1.46 2.22 
100 < iz 58.4 
0.832 0.0334 0.0935 
100 a2 86.0 





* Difference in O.D. before and after decolorization of ceruloplasmin by ascorbic acid. All AO.D.’s#0,™“ 
were higher than AO.D.’s at other wavelengths between 540 and 660 mu (see 7). 


+ The calculation for blue color is as follows: 


(AO.D.92, m4 /O.D.92,74) x [(O.D. 20,74 /AO.D. 92, m4) ]soin a X 100. 
Percentages of ceruloplasmin copper and of enzymatic activity are calculated in an analogous manner. : 
t By wet digestion ( see 7). Of the 1090 ug of copper in solution A, 983 ug were found, by analysis, in the 
precipitate and supernatant (C-1) from the ultracentrifugation. Of the copper accounted for, 914 pg, or 


93 percent, was in the precipitate. 


§ Copper which will react directly with dicyclohexanoneoxalyldihydrazone to form a blue compound at pH 


7 (see 7). 





|| Total minus free. The of cerulop 


copper in solution C-3 has not been determined with 


certainty, but it is less than 1.46 pg/ml, since any copper-diethyldithiocarbamate which is present in solu- 
tion will not react with dicyclohexanoneoxalyldihydrazone. 


{| Measured spectrophotometrically by effect on rate of oxidation of paraphenyl 





diamine (see 7). 
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of copper. Indirect evidence for. this 
theory may be present in the relation- 
ship of hereditary deficiency or absence 
of ceruloplasmin to hepatolenticular de- 
generation (Wilson’s disease), as has 
been previously outlined (7), but proof 
of this concept is still to be obtained. 
AnatoLt G. More.i 
I, HERBERT SCHEINBERG 
Department of Medicine, Albert Einstein 
College of Medicine—Bronx 
Municipal Hospital Center, New York 
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Severe Arteriosclerosis and 
Other Diseases in the Rat 
Produced by Corticotrophin 


In older rats repeatedly injected with 
corticotrophin (ACTH), we have ob- 
served several disease syndromes: in the 
female, extremely severe arteriosclerosis; 
in the male, polyarteritis nodosa, gastric 
ulcers, testicular atrophy, and renal cal- 
culi, but no arteriosclerosis. Both sexes 
developed a marked hypertension (only 
systolic pressures were measured). 

Male and female Sprague-Dawley 
rats, approximately 1 year old, were in- 
jected with ACTH subcutaneously three 
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times a week for periods of up to 7 
weeks. The dose was 0.333 of a unit 
per 100 g of body weight. The animals 
were maintained on a standard rat diet 
without fat supplements or any added 
salt in the drinking water. Some groups 


of rats were unilaterally nephrecto- 
mized. The older animals were all dis- 
card breeders. Equivalent groups of 


male and female weanling rats were 
treated identically. 

Female rats. After administration of 
ACTH, a fulminating type of arterio- 
sclerosis, involving the entire aortic tree, 
was observed in the female rats (Fig. 1). 
The large arteries showed a senile type 
of ectasia, in which the aorta was so 
severely stiffened that it could be made 
to stand by itself when dissected free of 
its bed. The arteriosclerotic changes ex- 
tended into the cerebral vessels, the 
peripheral vessels, and the coronary 
arteries. In the more severe cases, sac- 
cular aneurysms were encountered in the 
arch of the aorta. 

Microscopic examination demon- 
strated that several types of arterial 
damage were proceeding simultaneously 
in various segments of the aorta. Many 
areas characterized by intimal 
swelling and proliferation, accompanied 
by medial hypertrophy and alteration of 
the elastic tissues. In some areas of inti- 
mal proliferation, the adjacent media 
showed necrosis and calcification, and 
in others, calcification was of the meta- 
static variety, without prior necrosis. 
Cartilaginous metaplasia with formation 
of bars of cartilage were frequently seen 
in the same animals. The aneurysms oc- 
curred in areas where the elastic tissue 
had become swollen and fragmented, 
permitting herniation of the arterial 
wall. The intimal plaques contained 
minute droplets of intracellular, and 
some extracellular, fat. Histochemical 
stains revealed profound changes in the 
mucopolysaccharides, or ground sub- 
stance, of all layers of the arterial wall. 
The elastic fibers were disrupted, par- 
ticularly above the intimal vegetations, 
and the normally regular elastic lamel- 
lae were stretched and distorted. Under 
tension, the interlamellar elastic fibrils 
were accentuated. 

In some vessels, including the coro- 
nary arteries, thromboses were encoun- 
tered, along with subsequent recanaliza- 
tion. 

The coronary vessels stood out in ab- 
normally sharp relief against the myo- 
cardium. The arteries were kinked and 
stiffened and showed intimal calcifica- 
tion, medial swelling, and fragmentation 
of the elastic tissue. Multiple infarcts 
were found in the ventricular portions of 
the heart. The cerebral vessels showed 
swollen tunica media, derangement of 
elastic tissue, and intimal calcification. 

Male rats. Entirely different lesions 


were 





a 
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Fig. 1. Heart and aorta of ACTH-treated 
(left) and control (right) 1-year-old fe- 
male rats. The ACTH-treated rat shows 
cardiac hypertrophy, ectasia, small saccu- 
lar aneurysms, and silvery-white placodes 
throughout. 





were encountered in the males. In ap- 
proximately 30 percent of these animals 
we observed polyarteritis nodosa, with 
severe aneurysmal dilatation, especially 
in the mesenteric arteries. Deep, pene- 
trating gastric ulcers developed in more 
than half of the animals, usually two 
large ulcers and several smaller ones. 

Testicular atrophy, too, occurred very 
frequently. In 85 percent of the animals 
the testes were unusually hard and firm 
and showed snow-white areas suggestive 
of fibrosis. The tubules appeared to be 
contracted. These tissues are now being 
studied microscopically. 

Multiple renal calculi were encoun- 
tered in about one-third of the animals. 
The lithiasis was intense; as many as 70 
hard stones were found in one kidney. 
Chemical analyses of these stones are 
being made, and the problem of abnor- 
mal calcium metabolism in the animals 
is being studied. 

The high incidence of polyarteritis, 
gastric ulceration, and testicular fibrosis 
can be ascribed to the administration of 
the ACTH. We are not yet certain 
whether this is equally true of the renal 
lithiasis, for kidney stones have also been 
found in some of the control male rats. 
This problem is being studied further. 

In the older male and female rats 
another finding of interest is that of un- 
usually rapid aging, evidenced by the 
lethargic behavior of the animals and 
the worn condition of their coats. 

In contrast, the young, weanling rats, 
male and female, showed remarkably 
little gross pathology. Microscopic sec- 
tions from these animals are now being 
studied. 

Discussion. Experimental production 
of arteriosclerosis has, up to the present 
time, been restricted almost entirely to 
the rabbit and chicken (1). Our studies 
(2) suggest that a more suitable animal, 
the rat, can be employed. Further ex- 
periments will be required to determine 
whether the female rat is susceptible 
only under the special conditions we 
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have employed—that is, whether only 
the discard breeders are susceptible (3). 

If this is the case it focuses attention 
on the stress of repeated pregnancy in 
these animals as a sensitizing factor in 
the subsequent development of arterio- 
sclerosis. Preliminary experiments we 
have performed on the effect of exposure 
to cold and heat suggest that stressful 
situations other than exogenous admin- 
istration of ACTH will also induce arte- 
riosclerosis in these discard breeders. 

Although unilateral nephrectomy is 
not. essential to the production of arte- 
riosclerosis, it does appear to intensify 
the lesions. However, the age of the rats 
is clearly a critical factor. Experiments 
are in progress to ascertain the youngest 
age at which rat arteriosclerosis can be 
initiated by ACTH injections. In addi- 
tion, the effects of smaller amounts of 
ACTH and of less frequent injections 
are being studied in an effort to detect 
the earliest lesions of arteriosclerosis. 

Because so much attention has been 
centered on the role of fat in the genesis 
of human arteriosclerosis, it should be 
emphasized that our rats were fed a nor- 
mal diet not supplemented with fats. Fur- 
thermore, the serum cholesterol levels of 
our animals did not rise during the de- 
velopment of vascular disease. This does 
not, however, exclude the possibility 
that fat metabolism in the arterial wall 
itself is altered, and that this alteration 
is responsible for the changes observed 
in the rats. 

The characteristic lesions observed in 
male rats may also provide some inter- 
esting experimental tools. The deep, 
penetrating peptic ulcers and the mul- 
tiple renal calculi produced by ACTH 
administration may prove to be ex- 
tremely useful in the study of peptic 
ulcer and kidney stones in man. The ap- 
parent speeding up of the aging process, 
observed in both male and female rats, 
also suggests research applications. 

It is of interest to note that the dosage 
of ACTH we have administered (0.333 
of a unit per 100 g body weight) is the 
equivalent of approximately 200 units in 
an average-sized human being. This is 
close enough to therapeutic levels to 
make one question the possible toxic ef- 
fects of ACTH on the human vascular 
system in susceptible patients. Indeed, 
when one surveys the spectrum of lesions 
obtained in both male and female rats 
—arteriosclerosis, hypertension, senes- 
cent changes, renal stones, and gastric 
ulcerations—it is tempting to compare 
these changes with those seen in Cush- 
ing’s disease. The possibility that the se- 
vere arteriosclerosis observed in our rats 
may actually result from hyperfunction- 
ing of the adrenal glands is suggested by 
the fact that we have found these glands 
to be enlarged and the thymus glands to 
be involuted. 
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If further experiments prove that the 
arteriosclerotic lesions in the rat closely 
resemble those in human beings, the ef- 
fects of an overactive pituitary-adrenal 
axis on arteriosclerosis in man will de- 
mand evaluation. If, as Selye believes, 
the stresses of life are channeled through 
the pituitary-adrenal system (4), stress 
may conceivably be an important de- 
terminant in human arteriosclerosis. 

BERNARD C. WEXLER* 

BENJAMIN F. MILLER 
May Institute for Medical Research of 
the Jewish Hospital Association of 
Cincinnati and Departments of 
Pathology and Medicine, University of 
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Use of Arginine to 
Eliminate Medium Changes in 
Tissue Culture Systems 


Conventional tissue-culture techniques 
require that the nutrient medium be 
changed at frequent intervals. This meth- 
odology presents no difficulty in the in- 
stance of the small volumes handled in 
flask or test-tube type cultures. On the 
other hand, it presents a major obstacle 
to successful and continuous cultivation 
of mammalian cells in fluid agitated sus- 
pension (submerged culture), in volumes 
of 3 to 20 liters, as commonly employed 
in our laboratories (J—-3). This report 
presents the results obtained when t-argi- 
nine is employed as a means of circum- 
venting the necessity for making frequent 
changes of medium in such submerged 
culture systems. This is important not 
only from the standpoint of economy or 
ease of manipulation but also in relation 
to certain types of biochemical and bio- 
logical experiments wherein it is desir- 
able to maintain, as closely as possible, 
a somewhat constant cellular environ- 
ment. 

On the basis of the studies of Westfall 
et al. (4) it was known that, in certain 
tissue culture systems, histidine, arginine, 
isoleucine, ‘methionine, and phenylala- 
nine were rapidly depleted. It occurred 
to us that these substrates might be lim- 
iting and, as such, might be used to main- 
tain active rates of cellular proliferation 
without renewal of media. Subsequent 





experiments (5) have demonstrated the 
validity of this assumption and, further, 
the fact that use of arginine alone is 
sufficient for this purpose. 

In the basic investigations, Earle’s L 
cell was used in Spinner culture (1). 
The nutrient medium routinely used was 
a modified Eagle’s mixture (3). Rates of 
cellular proliferation were appraised by 
direct enumeration in a hemocytometer. 
Cell viability was determined through 
use of the vital stain trypan blue (/). 

Submerged-culture cells of the L 
strain procured from a New Brunswick 
fermentor were centrifuged and _ resus- 
pended in equal volumes of nutrient 
media in three Spinner vessels. There- 
after, the three Spinner cultures received 
additions of substrate every other day as 
follows: the control culture received 
saline; the second vessel received 21 ug 
of L-arginine per milliliter of culture; 
42 ug of L-arginine per milliliter was 
introduced into the third vessel. 

In this typical experiment there were 
uniform rates of cellular proliferation in 
all three Spinners during the first 2 days 
after initiation of the test (Fig. 1). After 
the 4th day, the cell concentration of 
the control culture decreased rapidly; 
this was followed by a loss in cell viabil- 
ity of from 98 percent on the 6th day to 
30 percent by the 11th day. 

Cells in the Spinner vessel that had 
received 21 ug of arginine per milliliter 
of culture continued to proliferate until 
the 4th or 5th day, when stabilization of 
the cell population occurred; this was 
followed by a gradual drop in cell con- 
centration. The ceil viability of this cul- 
ture was maintained at a level above 90 
percent through the 11th day. Active cel- 
lular proliferation in the 42 ug/ml cul- 
ture was maintained, in this experiment, 
until the 8th or 9th day. Viability of 
this culture was maintained at a level 
above 95 percent throughout the 11th 
day (Fig. 1). 

Addition of concentrations of 84 to 
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Fig. 1. The effect of arginine on the pro- 
liferation of L cells in submerged culture. 
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336 ug of arginine per milliliter of cul- 
ture has resulted in greater early stimu- 
lation of cellular proliferation, although 
the final cell populations did not ap- 
proach that achieved with the 42 ug/ml 
level. No manifestations of toxicity were 
apparent at the higher concentrations. 

Addition of arginine has been found to 
be useful for the maintenance of strain 
HeLa or Westwood’s ERK/KD cell line 
(6). In addition, arginine has been used 
effectively as a supplement in a serum- 
free medium employed for maintenance 
of the ERK/KD cells in submerged cul- 
ture (20-liter) during the experimental 
production of viral antigens (7). In some 
instances, active cellular proliferation has 
been maintained for periods up to 20 
days through the addition of arginine 
and new media. 

Several possibilities relating to the 
mechanisms of this action of arginine 
may be mentioned, such as one similar to 
the mechanism described for the protec- 
tion, by arginine, of rats against am- 
monia toxicity (8). Again, arginine may 
be incorporated directly into tissue pro- 
tein, as was demonstrated by Bloch (9). 
We have found that citrulline (but not 
ornithine) will operate in the 
fashion and to the same degree of effi- 
cacy as arginine in cultures of L cells. 
The mechanism of action of arginine in 
cultures of mammalian cells has not been 
determined as yet, and further comment 
on the subject must await more detailed 
studies. 
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Oxygen Equilibrium of 
Phascolosoma agassizii 
Hemerythrin 

Hemerythrin is the respiratory pig- 


ment of the phylum _ Sipunculida, 
whose members are small-to-medium- 


sized worms frequently found buried in 


592 




















100e 
= came ik 26°C. er a is Urea_ se 
bi iG -- "an + 7 
1 
ee 
> 
L 
w 
: 50 Phascolosoma 
= = 
~ 
= 
cS 
N 
: 20 +0 60 80" 
Partial Pressure o O (mm Hg) 


Fig. 1. Oxygen equilibrium of Phascolosoma agassizii hemerythrin. Two percent hemery- 
thrin in potassium phosphate buffer, '/2 = 0.2. Solid lines: no urea present; experiments 
at 13°C performed at pH’s of 7.90, 7.23, 6.79, and 5.75; experiments at 25°C performed 
at pH’s of 7.74 and 7.27. Dashed line: 5M urea present; experiment performed at 26°C 


and a pH of 8.08. 


an oxygen-deficient substratum. Heme- 
rythrin is reddish-purple when oxygen- 
ated, colorless when deoxygenated; this 
is in contrast to the other two iron-con- 
taining respiratory pigments, hemoglo- 
bin and chlorocruorin. Hemocyanin, the 
oxygen-binding copper protein of ar- 
thropods and molluscs, resembles heme- 
rythrin in being colorless when deoxy- 
genated. On the basis of chemical and 
thermodynamic evidence, Klotz and 
Klotz (J) have concluded that oxygen- 
ation of hemerythrin and hemocyanin 
differs from that of heme respiratory 
pigments in that the metal undergoes a 
valence change upon the reversible com- 
bination with O,. Klotz and Klotz have 
reported that the heat of oxygenation of 
Golfingia [formerly Phascolosoma (2)| 
gouldii is about twice that of hemo- 
globin and have utilized this fact as evi- 
dence for the acceptance of two elec- 
trons by the oxygen molecule in oxy- 
hemerythrin—in contrast to oxyhemo- 
globin, where the ligand does not gain 
electrons. 

However, two other workers have ob- 
served that the effect of temperature on 
the oxygen equilibrium of the heme- 
rythrin of Sipunculus nudus (3) and of 
a species of Golfingia (4) was very 
similar to its effect on the oxygen-hemo- 
globin equilibrium. This, coupled with 
the small amount of published informa- 
tion on the oxygen-hemerythrin equilib- 
rium, has warranted a study of the 
hemerythrin of the “peanut worm,” 
Phascolosoma (Physcosoma)  agassizii 
Keferstein (5). 

Hemerythrin was prepared by distilled 
water hemolysis of clotted coelomic 
cells, followed by centrifugation and fil- 
tration. Forty specimens of this small 
sipunculid yield approximately 1 ml of 
a 3 percent hemerythrin solution. Oxy- 





gen dissociation curves were determined 
by spectrophotometric analysis (A =580 
to 600 mu) of the mixture of “reduced” 
and oxygenated hemerythrin formed 
upon equilibration with known partial 
pressures of oxygen. The partial pressure 
of oxygen was varied by injection of 
known quantities of air into a confined 
space with the respiratory pigment, as 
in the technique of Riggs (6). 

The result of experiments on _ the 
effect of pH, temperature, and urea on 
the oxygen-hemerythrin equilibrium is 
shown in Fig. 1. Since the position of 
the oxygen dissociation curve is invari- 
ant to pH change, this particular heme- 
rythrin lacks a Bohr effect, as do other 
sipunculid hemerythrins (3, 4). Al- 
though a slightly sigmoid oxygen dis- 
sociation curve has been observed for 
Sipunculus hemerythrin (3), Phascolo- 
soma agassizii hemerythrin possesses a 
hyperbolic curve. 

From the data (Fig. 1) on Phascolo- 
soma agassizii hemerythrin at two dif- 
ferent temperatures, it is possible to cal- 
culate (7) a heat of oxygenation (AH°) 
in terms of a standard state of l-atm 
pressure of dissolved oxygen gas; the 
following integrated form of the van't 
Hoff equation was used: 


1 [set | =A [S| 
"eet y ORL Biles 





where f5.(7) represents the partial 
pressure of O, (in atmospheres) at 
which, at the specified temperature, 
there is exactly 50 percent of the res- 
piratory pigment in an oxygenated con- 
dition. When the oxygen dissociation 
curve is hyperbolic, the equilibrium con- 
stant is the reciprocal of p;.(7). For 
this particular hemerythrin, a value of 
AH° =—17 kcal was observed; this is 
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_closer to the recently observed value of 


-18 kcal for Golfingia gouldii heme- 
rythrin (2) than to corresponding val- 
ues of earlier workers (3, 4), which are 
approximately —10 kcal. The most re- 
cently observed values for hemoglobin 
are significantly lower: —8.2 kcal for 
sheep hemoglobin (8) and —8.4 kcal 
for Cucumaria miniata hemoglobin (9). 
Preliminary experiments with the coe- 
lomic hemerythrin of Dendrostomum 
zostericolum indicate that the heat of 
oxygenation is — 20 kcal. Hence, this as- 
pect of the trend in values of AH® pre- 
dicted by Klotz and Klotz (2) has been 
confirmed. 

Also in terms of a standard state of 1 
atm of dissolved oxygen gas, an entropy 
of oxygenation can be calculated (7) 
from the relations: 


AF° =- RT In K=RT In fw 


_ 0(AF*) 


and aT 





AS° = 


For Phascolosoma agassizii hemerythrin 
AS° =-46 cal/deg, as compared with 
values approximating —10 to —15 cal/ 
deg for various hemoglobins (10, 11). 
For hemoglobin these negative entropies, 
together with other biochemical evi- 
dence have been interpreted (11, 12) as 
indicating that, upon oxygenation of 
“reduced” hemoglobin, a definite con- 
figurational change in the protein moiety 
occurs, oxyhemoglobin being the more 
“ordered” form of the protein. Such an 
explanation would be plausible for heme- 
rythrin, particularly in that such an en- 
tropy change during oxygenation cannot 
represent changes in the state of aggre- 
gation of solvent molecules about pro- 
ton-affine centers in the protein moiety 
—for hemerythrin lacks a Bohr effect. 
That the oxygen equilibrium of heme- 
tythrin as with hemoglobin (1/1) de- 
pends on the configuration of the pro- 
tein moiety is also shown by the increase 
in oxygen affinity upon addition of urea 
(Fig. 1). 

CrypE Manwe ..* 
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Separation of Human Plasma 
Protein Concentrate with 
Insulin Activity 


Insulinlike activity of human plasma 
has been identified in plasma fraction 
II+III as obtained by the cold-etha- 
nol method and in plasma 
precipitate obtained by. equilibrating 
plasma with 50 mM zinc (1). Identical 
fractions prepared from resin-collected 
plasma were inactive. The suggestion 
that cationic exchange resins (Dowex- 
50, IRC-50) employed for blood collec- 
tion remove the insulin activity was veri- 
fied when an attempt was made to elute 
the insulinlike activity from resins. In 
these experiments it was calculated that 
40 percent of the total plasma activity 
was recovered from the cationic ex- 
change resins with 0.3M citric acid, at 
pH 3.0 (2). 

The percentage of recovery has been 
increased by treating the resins after 
blood collection with 1 resin volume of 
0.2M citric acid at 2°C for 72 hours 
(3). The resins were washed two times, 
before elution, with cold distilled water 
to remove the red blood cells and the 
contaminating proteins and, finally, were 
washed once with 0.15M sodium chlo- 
ride. After dialysis of the eluate for 36 
hours against four to five volumes of dis- 
tilled water at 2°C, the solution was 
dried from the frozen state, and the 
residue dissolved in the smallest 
possible volume of cold water. Dialysis 
followed, for 48 hours, against 0.15M 
sodium chloride at 2°C. 

Biological tests for insulin activity of 
the resin eluates were performed by 
using, respectively, hypophysectomized- 
alloxanized rats (4); epididymal fat tis- 
sue (5); and rat diaphragm (6). The 
recovery of the original plasma insulin 
activity from the resin was indicated 
variously at from 40 to 80 percent by 
the above ‘methods. 

Eluates from resins representing the 
collection of 30 to 40 lit of human 
plasma were pooled, and the volume 
was reduced to 2 ml. Paper electro- 
phoresis was performed on the Spinco 


globulin 


was 





model R, series D, paper electropho- 
resis cell, at 2.5 ma for 18 hours, with 
Veronal buffer, pH 8.6, ionic strength 
0.1, and S and S 2043A-mgl paper 
strips, 3.0 by 30.6 cm. Insulin solution 
(0.018 ml) was applied on the paper. A 
plasma control was run-at the same time 
by applying 0.006 ml of plasma. The 
paper electrophoresis indicated the pres- 
ence in the eluate of an a,-globulin and 
a y-globulin when compared with the 
plasma control (Fig. 1). A portion of 
the protein in the y-globulin area may 
be denatured protein, as might be ex- 
pected from acid treatment for 72 hours. 

In another study, 0.2 ml of the in- 
sulin solution was applied on a 4 by 31 
cm paper strip (S and S 470); this was 
run at 40 ma for 16 hours at 2°C, with 
a phosphate buffer, pH 7.6, ionic strength 
0.1. A plasma control was also run in 
the same machine. The .control strip 
carrying the plasma was then developed, 
and the paper strip carrying the insulin 
solution was cut in five sections: the 
albumin, the «,-globulin, the a,-globu- 
lin, the 6-globulins, and the y-globulin. 
Elution followed, with 0.15M sodium 
chloride, and the eluates were tested for 
insulin activity (5). The a,-globulin 
and the albumin section possessed in- 
sulin activity. The rest of the eluates 
were found to be inactive. The activity 
present in the albumin section may be 
due to the presence of some a,-globulin, 
which is difficult to separate from al- 
bumin. There was a strong suggestion 
from the bioassay that the y-globulin 
section had an inhibitory effect. The 
protein concentration of the final insulin 
concentrate was more than 1.5 million 
times that of the plasma. 





Fig. 1. Paper electrophoresis of the insulin 
concentrate (left) and plasma control 
(right). The protein concentration of the 
insulin concentrate is more than 1.5 mil- 
lion times that of the original plasma. 
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It is quite possible that the a,-globu- 
lin, possessing the insulinlike activity, 
circulates in the blood stream in a com- 
plex form with another protein of higher 
molecular weight and isoelectric point, 
and that the whole complex is absorbed 
on the exchange resins. The treatment 
with 0.2M citric acid for 72 hours prob- 
ably dissociates the insulin from the 
complex, the insulin appearing as an 
a,-globulin by paper electrophoresis. 
This suggestion is supported by the ob- 
servation that crystalline insulin in saline 
or in 3-percent human albumin solution 
treated with cationic exchange resins re- 
tains full activity (2). 

Harry N. ANTONIADES 
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Jamaica Plain, Massachusetts 


References and Notes 


P. M. Beigelman et al., Metabolism Clin. and 
Exptl. 5, 44 (1956). 

. H.N. Antoniades et al., ibid., in press. 

. This work has been supported by gifts from 
the Kresge Foundation, from the King Foun- 
dation, and from industry. 

P. M. Beigelman et al., Metabolism Clin. and 
Exptl. 5, 35 (1956). 

Biological assays were kindly performed by Drs. 
D. Martin and A. E. Renold (New England 
Deaconess Hospital, Boston, Mass.) . 

Biological assays were kindly performed by Dr. 
K. Gunderson (University of Pennsylvania, 
Medical School, Philadelphia). 


20 December 1957 


Evidence for the Metabolism of 
Maleic Acid in Dogs and 
Human Beings 


In 1951, Sacks and Jensen (1) pre- 
sented evidence for the existence in 
maize kernels of a hydrase, malease, for 
the conversion of maleic acid to malic 
acid. More recently, Vickery and Palmer 
(2) reported that the general respiration 
of tobacco leaves was stimulated about 
60 percent when the leaves were cul- 
tured in either fumaric acid or its geo- 
metrical isomer, maleic acid. Although 
their data suggested that maleate be- 
haved as an inhibitor of the activity of 


Table 1. Arterial carbon dioxide activity 
following intravenous injection of mal- 
eate-2-C™ into a dog. “Specific activity” 
is expressed as the percentage of injected 
C™ per milligram of COs carbon. 


Time Total 
(min. activity 
after (count/min 
injec- per 5 ml 
tion ) of blood) 
5 781 
10 1042 
15 1270 
20 1373 
25 1525 
30 1632 


“Specific 
activity” 





0.000985 
0.001310 
0.001604 
0.001733 
0.001932 
0.002066 





the proteolytic enzymes and of the en- 
zyme systems involved in the formation 
of citric acid, they noted that maleic 
acid entered extensively into reactions 
which involved decarboxylation. 

We have now obtained evidence of 
the presence in dogs and human beings 
of enzyme systems capable of oxidizing 
maleate-2-C!* to C14O, (3). Following 
the injection of 45 wc (5.9 mg) of 
maleic-2-C1* acid into a 9.5-kg dog, ar- 
terial (femoral) blood specimens were 
collected in oiled, heparinized syringes 
at various time intervals (4). Carbon di- 
oxide was liberated from 5 ml samples 
and collected as barium carbonate, and 
its activity was determined as previously 
described (5). The results (Table 1) 
show the increase with time of total 
carbon dioxide activity (per 5 ml of 
whole blood) as well as of “specific ac- 
tivity” of carbon dioxide. “Specific ac- 
tivity” is expressed as the percentage of 
injected carbon-14 per milligram of CO, 
carbon. 

In Table 2 are given results that fol- 
lowed the intravenous injection of 90 uc 
(11.8 mg) of maleic-2-C1* acid into a 
normal human subject. For purposes of 
comparison, data are also given for a 
similar experiment in which fumaric-2- 
C1* acid (90 uc) was the injected sub- 
strate. These data show that C1#O, was 
formed readily in both cases; however, 
corresponding total activity and “specific 
activity” values were much higher in the 
fumarate-2-C!* experiment, indicating a 
faster reaction rate with that isomer. 
In the maleate experiment, the “specific 
activity” reached a maximum in about 
70 minutes and had not declined at 90 
minutes, whereas, in the fumarate exper- 
iment, the maximum was attained much 
sooner (in about 40 minutes) and then 
carbon dioxide “specific activity” de- 
clined. 

As one test of the possible conversion 
of maleates to fumarate within the body, 
copper pyridyl fumarate salts (5) were 
made from the blood filtrates and as- 
sayed for carbon-14 activity. Whereas, 
in the maleic acid experiments, very 
little activity was found in the copper 
pyridyl fumarate salts (59 count/min 
per 5 ml of arterial blood after 23 min- 
utes), in the fumarate-2-C14 experi- 
ments, considerably more activity was 
found (1068 count/min per 5 ml of 
arterial blood after 20 minutes), and 
this activity was evident even 70 minutes 
following intravenous injection into a 
human being (see 5, Table 2). This evi- 
dence does not rule out completely the 
possibility that there is a conversion of 
maleate to fumarate within some body 
tissues, with a subsequent rapid oxida- 
tion to carbon dioxide and with no en- 
trance of fumarate into the blood 
stream; however, it does suggest the im- 
probability of such a hypothesis. 


Table 2. Arterial carbon dioxide activity 
following intravenous injection of (i) 
maleate-2-C™ or of (ii) fumarate-2-C™ 
into normal human subjects. “Specific 
activity” is expressed as the percentage of 
injected C™ per milligram of CO. carbon. 


Total 
activity 
(count/min 
per 5 ml 
of blood) 





Time 
(min. 
after 
injec- 
tion ) 


“Specific 
activity” 





Maleate-2-C™ 


159 0.000135 
277 0.000229 
355 0.000292 
372 0.000309 
410 0.000340 
420 0.000352 
502 0.000409 
502 0.000410 


Fumarate-2-C™ 

818 0.000482 
1524 0.000910 
1610 0.000958 
1990 0.001210 
1990 0.001215 
1582 0.000914 
1440 0.000846 
1437 0.000846 





Although the intermediate steps have 
yet to be elucidated, the evidence pre- 
sented indicates that mammalian tissues 
contain enzyme systems capable of ca- 
tabolizing maleic acid to carbon dioxide. 

Wituiam Sacks* 
Research Department, 
Albert Einstein Medical Center, 
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Neurotoxoid Interference in 
Macacus rhesus Infected 
Intramuscularly with Poliovirus 


Numerous experiments in Macacus 
rhesus infected with either Brunhilde 
(type I) or Lansing (type II) poliovirus 
and injected, post-infection, with certain 
neurotoxoids, suggest that detoxified zoo- 
toxins interfere with the experimental 
infection, In the past the experimental 
disease was induced by direct inocula- 
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tion of highly paralytogenic poliovirus 
into the thalamus, or into the parietal 
or frontal lobes of the brain of the mon- 
key. The toxoid treatment was initiated 
subcutaneously 1 to 7 days post-infec- 
tion. The toxoids were derived from 
venoms of Naja flava (Cape cobra), 
Naja naja (Indian cobra), Naja haja 
(Egyptian cobra), and—most important 
—from Crotalus terrificus  terrificus 
(South American rattlesnake). Toxoid 
production methods and interference re- 
sults have been published (1, 2). 

The present report is concerned with 
toxoid interference in Macacus rhesus 
24 hours after intramuscular injection of 
a highly paralytogenic Mahoney (type 
I) virus. All rhesus used were subjected 
to a conditioning period of at least 10 
days, at the end of which time blood 
cell counts were made. The presence of 
“naturally” occurring neutralizing anti- 
bodies against homotype virus was stud- 
ied prior to the interference experi- 
ments. 

As a source for inducing a uniform 
infection, pools of Mahoney virus ob- 
tained from monkey kidney cell cultures 
were used throughout these experiments, 
and virus potencies (TCID,,) were de- 
termined by titrations in the same type 
of culture. The infecting dose varied 
from 500,000 to 5,000,000 TCID,, in 
0.5 ml—the volume injected. With two 
exceptions, the virus was administered 
in the right deltoid muscle. 

In addition to our routine Crotalus 
terrificus terrificus and Naja flava tox- 
oids, a number of substances were tested 
as interfering agents against 3,125,000 
and 5,000,000 TCID,, of Mahoney virus. 
Two toxic substances, crotoxin (3) and 
a sodium salt of crotoxin, as well as two 
substances detoxified by acetylation, 
acetyl-crotoxin and acetylated Crotalus 
venom, were tested. A total of 117 ani- 
mals were used in these experiments. 

Group differences between treated 
animals and controls, within individual 
experiments, ranged up to 33 percent in 
favor of treated animals. Similar trends 
for entire experiments approximated 20 
percent. The number of tests for each 
preparation was small, and no conclu- 
sion has been drawn. 

Preliminary studies (2) with Crotalus 
terrificus terrificus toxoid showed it to 
be a promising interfering agent, and it 
was therefore incorporated into the 
standard Naja flava preparation in the 
proportion of 1 to 5. Observations made 
in 82 rhesus in three experiments have 
shown this combination to be the most 
effective toxoid to date. 

Twenty-four hours after intramuscular 
infection with 500,000 TCII,, of Ma- 
honey virus, the mixture of Crotalus ter- 
rificus terrificus and Naja flava toxoids 
was administered subcutaneously, and 
this administration was continued on the 
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Table 1. Toxoid interference in Macacus rhesus 24 hours after intramuscular injection 
with 500,000 TCIDs of Mahoney poliovirus (statistical analysis) . 


Total 
No. of 


rhesus No. 


Toxoid injected (ml) 


0.2 8 6 
0.4 and 0.6 28 5 
0.9 and 1.0 20 9 
ie 12 9 
2 
9 
3 


None (control saline) 14* 1 
All toxoid treated 68 3 
All comparable controls 37* 3 


; Paralyzed 





Paralysis-free 


Difference 
between 
test and 
control 
animals 

(%) 

10.7 

32.1 

40.7 

10.7 





75.0 2 
53.6 13 
45.0 11 
75.0 

85.7 2 
57.4 29 
89.2 


46.4 
55.0 
25.0 
14.3 
42.6 
10.8 


31.8} 


* Twenty-three additional controls tested for rhesus reactivity to 500,000 TCID,, of virus injected intra- 
muscularly under identical experimental conditions were included by the statistician. 
¢ X2=9.84; p=0.01 for X2= 6.635; p= 0.001 for X2 = 10.827; results are significant near 0.1 percent level 


(0.001). 


2nd, 3rd, 4th, and 7th days. Sixty-eight 
monkeys received treatment with vary- 
ing volumes of three different lots of 
Crotalus terrificus terrificus toxoid, di- 
luted (1:5) with Naja flava toxoid 
(Table 1). Thirty days after injection 
of virus the experiment was concluded, 
and the percentage of paralysis-free sur- 
vivors in the treated groups was statisti- 
cally evaluated in relation to control 
groups (4). 

When the survivors of the interference 
groups receiving 0.4 ml and 0.6 ml of 
toxoid were combined and compared 
with their controls, a difference of 32.1 
percent of paralysis-free animals in favor 
of the treated groups was observed 
(Table 1). This difference is statistically 
significant (p< 0.05). The 95-percent 
confidence interval is 5.5 to 58.7 per- 
cent. 

The difference in favor of groups re- 
ceiving 0.9 ml and 1.0 ml of toxoid was 
40.7 percent (Table 1). The 95-percent 
confidence interval is 11.6 to 69.8 per- 
cent. When all toxoid treated animals 
were compared with all controls, and 
the results were statistically analyzed, 
the X? value found was 9.84. The result 
in favor of toxoid treatment is signifi- 
cant almost at the 1:1000 level (Table 
Lh: 

The degree of virus spread 24 hours 
after infection—that is, when treatment 
was initiated—was investigated. The in- 
fecting agent was found at the site of 
inoculation and in the corresponding 
brachial plexus, No virus was detected 
in the central nervous system. In one 
instance virus was found in the corre- 
sponding axillary lymph nodes and in 
mesenteric lymph nodes. These findings 
are essentially in agreement with similar 
experiments in cynomolgus monkeys (5). 

In the screening tests for naturally oc- 
curring antibodies which had been car- 
ried out prior to selection of animals for 
experiments, an incidence of 4 percent 


of homotype antibodies at serum dilu- 
tion levels up to 1 to 10 had been dem- 
onstrated. This “natural” immunity was 
not sufficient to protect the monkeys 
against the experimental infection here 
described. Nevertheless, no animal with 
antibodies received toxoid in any inter- 
ference experiment. As an extension of 
the antibody study, serological tests were 
made on 15 survivors, free of paralysis, 
from one experiment. While three of the 
six paralysis-free animals from the 
groups that had received 0.2 ml and 0.4 
ml of toxoid, respectively, had antibodies 
at the 1:500 serum dilution level, only 
one of eight paralysis-free survivors that 
had received 0.6 ml and 1.0 ml of toxoid 
had antibodies at the same level. One 
paralysis-free control had antibodies at 
the 1:10 level. Thirty-eight days after 
the antibody study these animals were 
reinfected with 10 times the amount of 
Mahoney virus they had previously re- 
ceived. None of these animals developed 
paralysis. This resistance could not be 
correlated with the number of circulating 
antibodies. 

Neuropathologic studies were carried 
out on representative paralyzed and 
paralysis-free animals from different ex- 
periments. The classical tissue changes 
in the central nervous system associated 
with paralysis were demonstrated in af- 
fected animals. No pathology was found 
in paralysis-free survivors, regardless of 
whether they were control or treated 
animals. 

Murray SANpeErS, M. G. Soret, 

B. A. Akin, Leon Roizin 

Department of Microbiology, University 
of Miami, Coral Gables, Florida 
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Shift of Oxidases with 
Morphogenesis in the Slime 
Mold, Physarum polycephalum 


The slime mold, Physarum _polycepha- 
lum, is one of those unusual organisms 
which can pass from an acellular, plas- 
modial stage to a cellular, spore stage 
during its life cycle (1), and as such rep- 
resents an ultimate in morphogenetic ex- 
pression. The sequential nuclear events 
accompanying this change in morphol- 
ogy include synchronous, mitotic, nu- 
clear divisions (2) and probably meiosis 
when uninucleate spores are formed in 
the mature sporangium (3). Since both 
stages can be obtained at will in the labo- 
ratory, this organism lends itself well 
to a comparative metabolic study capa- 
ble of yielding information relating to 
those physiological factors which may 
control or trigger the process of nuclear 
division and concomitant spore forma- 
tion. Such an introductory metabolic 
is, therefore, the purpose of this 
report and is concerned with the com- 
parison of the activities of two oxidases 
in both stages of the organism (4). 

Preparation of active homogenates 
from the plasmodial stage of this organ- 
ism has been described previously (5) 


study 





Table 1. Comparison of oxidase activities 
in plasmodial and spore stages in the slime 
mold, Physarum polycephalum. 


Cytochrome Ascorbic aie: 


oxidase oxidase 
K*/mg Spore/ Kt/mg_ Spore/ 
of pro- plas- of pro- plas- 
tein N. modium teinN  modium 
Spore 
0.081 0.041 
Plasmodium 
0.028 2.9/1 0.252 1/6.1 


* K = 2.3 log [reduced cytochrome c] per second. 
+ K = 2.3 log [ascorbic acid] per second. 
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The use of sonic oscillations for the dis- 


ruption of spores was found to be effec- 
tive in the preparation of spore homog- 
enates (6). 

Allen and Price (7) first suspected 
the presence of cytochrome oxidase in 
Physarum polycephalum on the basis of 
inhibitor studies on whole plasmodia 
and a positive Nadi reaction on crushed 
plasmodia. We have been able to dem- 
onstrate that cytochrome oxidase is in- 
deed 
plasmodial and spore stages by following 
the enzymic oxidation of reduced cyto- 
chrome c at 550 mw in the Beckman 
spectrophotometer. Although the kinet- 
ics of mammalian cytochrome c-cyto- 
chrome oxidase reaction has been re- 


present in homogenates of both 


ported as obeying a combination of first- 
8), the 
experiments reveal 
with the 
This is in 


order and zero-order reactions 
conditions of our 
only first-order 
identical system in Physarum. 
agreement with the cytochrome c-cyto- 
chrome oxidase first-order reaction rates 


concurrence 


First-order 
velocity constants were, therefore, cal- 
culated from the slope of the plots of 
2.3 log 
time. 


in other preparations (9 


reduced cytochrome c_ versus 
These constants were observed 
be directly proportional to the amount 
of enzyme used in the reaction mixture; 
and when they are related to protein 
nitrogen content, they can be used as a 
true measure of cytochrome oxidase ac- 
tivity in each cell-free stage of the life 
cycle of the organism. 

In an attempt to measure cytochrome 
oxidase activity in the plasmodial stage, 
Holter and Pollock (70) used the indi- 
rect manometric method of Schneider 
and Potter (7/7), which requires the use 
of ascorbic acid as a reductant of cyto- 
chrome c. Upon subsequent examination 
of this system, it was shown that the 
electrons from acid not only 


pass through the cytochrome system but 


ascorbic 


are also mediated to oxygen by an atyp- 
These two 
systems can be separated by differential 
centrifugation, acid 
oxidase is not associated with a particu- 
late fraction and can be retained in the 
supernatant of a 25,000 g centrifugation; 
this supernatant is in turn devoid of cyto- 
chrome oxidase activity. The ascorbic 
acid oxidase activity is atypical, since it 
is resistant 


ical ascorbic acid oxidase (5) 


since the ascorbic 


to the usual metallorespira- 
tory inhibitors, forms hydrogen peroxide 
as an oxidation end product, and re- 
quires the presence of an unknown in- 
herent sulfhydryl compound for which 
diethvldithiocarbamate or its disulfide 
can be substituted. Since it has been 
shown previously that the ascorbic acid— 
ascorbic acid oxidase system in Physarum 
obeys first-order reaction kinetics (5), 


SPW 


then first-order velocity constants can 
also be obtained and validated as a 
measure of enzyme activity, as is de- 
scribed above. 

A comparison of the oxidase activities 
in both the plasmodial and spore stages, 
shown in Table 1, reveals a shift in oxi- 
dases as the organism undergoes spore 
formation. Whereas there is approxi- 
mately three times as much cytochrome 
oxidase activity in spores as in _plas- 
modia, there is approximately six times 
as much ascorbic acid oxidase activity 
in the plasmodia as in spores. 

The physiological interpretation of 
this shift is obscure at present, since in- 
formation regarding metabolic patterns 
in this organism is lacking. However, 
these results do indicate that the atyp- 
ical ascorbic acid oxidase, heretofore 
not rigidly established as a terminal oxi- 
dase, is not without definite function 
but by virtue of this shift may play an 
important role in the metabolism of the 
organism. Further, since energy is re- 
quired for the nuclear divisions and 
formation of spore walls, a possible ex- 
planation for the increase of cytochrome 
oxidase activity can be offered on an 
energetic basis; those phosphorylation 
reactions necessary for the production 
of high-energy phosphate compounds 
have been demonstrated to occur in dis- 
creet stages of the cytochrome system 
participating in cellular oxidations (12). 

This shift in oxidases may be funda- 
mental to all organisms but may well be 
masked in organisms which undergo 
cellular division but which are con- 
stantly in the cellular state. 

J. M. Warp 
Department of Biology, 
Temple University, 
Philadelphia, Pennsylvania 
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Book Reviews 


An Introduction to Algebraic Topology. 
Andrew H. Wallace. Pergamon Press, 
New York, 1957. vii+ 198 pp. Illus. 
$6.50. 


In this very readable and carefully 
motivated book on algebraic topology 
the author has successfully filled a gap 
in the mathematical literature which has 
existed for years. He has provided an 
understandable elementary textbook in 
algebraic topology, available to the be- 
ginning student with no more than the 
usual basic training in algebra and analy- 
sis, and he has done so without reducing 
the subject to the meaningless game of 
cutting and pasting and _ rubber-sheet 
stretching which usually results from ef- 
forts of this kind. 

After introducing the usual elemen- 
tary topological notions in the first three 
chapters, he starts on the principal guid- 
ing theme of the book, a discussion of 
continuous transformations and homo- 
topy. The fundamental group is dis- 
cussed first, and then the homology 
groups are introduced by means of the 
singular homology theory. The excision 
theorem is proved, as are also the topo- 
logical invariance of the homology 
groups and their invariance under de- 
formations. The final two chapters of 
the book consist of a treatment of the 
homology sequence and of methods of 
calculating homology groups of various 
spaces by making use of the exactness 
of the homology sequence. Simplicial 
complexes are introduced in the last 
chapter, and the treatment of their 
homology characteristics is given, not 
directly in terms of incidence relations 
but indirectly in terms of exact se- 
quences and singular homology. 

The book is liberally supplied with 
illustrations, which aid in clarifying the 
intuitive discussion which precedes al- 
most all theorems before their formal 
proofs are given. Most of the applications 
to the properties of particular spaces 
and to investigations of continuous trans- 
formations are given in numerous, well- 
chosen exercises which, as the author 
states in the preface, form an integral 
part of the book. 

By making fundamental use of the 
current techniques of algebraic topology 
the author has brought before the ele- 
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mentary student and the nonspecialist a 
well-motivated and coherent treatment 
of subjects heretofore only available in 
research papers and in piecemeal form. 
The book is not one into which one can 
dip at random with any degree of suc- 
cess, but one which must be read from 
beginning to end for a true appreciation 
of its contents. As is inevitable in a work 
of this type, many interesting topics are 
mentioned only in passing or not at all, 
but on the whole the author has suc- 
ceeded remarkably well in giving a con- 
nected, lucid, and elementary account 
of present-day methods in 
topology. 


algebraic 


Rosert E. FuLLERTON 
University of Maryland 


The Reproductive Development of the 
Female. With especial reference to 
the period of adolescent sterility. A 
study in the comparative physiology of 
the infecundity of the adolescent or- 
ganism. M. F. Ashley Montagu. Julian 
Press, New York, ed. 2, 
234 pp. Illus. $5. 


1957. xviii + 


Anthropologists and ethnologists have 
long wondered why in nonliterate socie- 
ties girls seldom become pregnant dur- 
ing early postpubertal years, despite their 
promiscuous sexual relations during this 
period. Among the scientists who “won- 
dered” was the author of this book, who 
determined to find an explanation for 
the phenomenon, which he felt was 
genuine and not a spurious artifact. Ob- 
servations of Mirskaia and Crew on the 
mouse (1930) and of Hartman on the 
rhesus monkey (1931) provided him, he 
says, with the necessary evidence to war- 
rant further study. The result was the 
preparation of an extensive essay on the 
subject: “Adolescent Sterility” [Quart. 
Rev. Biol. (1939)]. This was expanded 
into a book with the same title in 1946, 
in which the author brought together 
much of the world’s literature on the 
subject. 

Since, during the last decade, more 
data have accumulated in this area, the 
author has now prepared the new edi- 
tion under the title The Reproductive 
Development of the Female, condensing 


the old and adding the new. The ethno- 
logical data are presented in the chapter 
“Adolescent sterility in man,” while the 
material on adolescent sterility in lower 
animals has been greatly expanded. The 
“Biology of adolescent sterility” affords 
a scientific background for the study; it 
is written in a manner quite satisfactory 
to the student of the physiology of re- 
production. Psychological factors are 
briefly discussed, and some social im- 
plications are pointed out. 

The book is written in the author’s 
well-known clear and pleasing style, 
which makes the reading almost effort- 
less. The basic facts are presented in 55 
well-selected tables, and there is a bibli- 
ography of over 400 titles, many of 
which, for the readers’ convenience, are 
given as footnotes in appropriate places. 

The author may be said to have com- 
pletely answered the question he set out 
to answer: “What, if any, interval of 
time elapses between the appearance of 
the first menstruation, the menarche, 
and the ability to conceive and carry a 
fetus to term?” While the interval be- 
tween the menarche and the first con- 
ception is subject to very wide varia- 
tions, it is a matter of some two, three, 
four or more years. The author is, how- 
ever, cognizant of the exceptional cases 
of early motherhood and has, in the 
bibliography, assembled dozens of ref- 
erences to precocious pregnancies. He 
has also assembled interesting figures on 
the age at menarche in different coun- 
tries, age at first parturition, interval 
between marriage and first delivery in 
regions where girls are married soon 
after the first menstruation, adolescent 
sterility in the male, and other related 
topics. 

The present study on adolescent ste- 
rility has, in my opinion, been so thor- 
oughly executed that another book on 
this unique subject will not soon be 
called for. 

Cart G. HartMan 
Ortho Research Foundation 


Trophoblastic Growths. Aclinical, hor- 
monal and histopathologic study of 
hydatidiform mole and chorionepi- 
thelioma. J. Smalbraak. 
Amsterdam, 1957. $12.75. 


Elsevier, 


Biologically, hydatidiform mole and 
chorionepithelioma are of great interest 
since the production of chorionic gonado- 
trophin by these tumors makes it possible 
to follow all their vicissitudes by means 
of biological assay methods. At the mo- 
ment this is the only human tumor for 
which such a test exists. Unfortunately, 
the value of assays has been obscured by 
the use of urine rather than blood serum. 


597 








Smalbraak devotes many pages to the 
pitfalls of urinary assay, especially the 
occurrence of negative tests in spite of 
the presence of tumor. However, a 
method of assay in which blood serum in 
immature (21 to 23-day) female rats is 
used has been available since 1941 [E. 
Delfs, Endocrinology 28, 196 (1941)]. 
Delfs has recently published the results 
of her studies [Obstetrics and Gynecol- 
ogy, 9, 1 (1957)], unfortunately, too late 
to have come to Smalbraak’s attention. 
Since chorionic gonadotrophin levels in 
blood are much higher than. in urine, 
Delfs’ serum assay method produces no 
false negative results and is the most 
valuable single criterion for diagnosis 
and prognosis of hydatidiform mole and 
chorionepithelioma. 

This book is the first modern mono- 
graphic presentation of the subject. It 
is written in a clear, easy style, is reason- 
ably exhaustive, and very beautifully il- 
lustrated. The case histories of the 74 
hydatidiform moles and 17 chorionepi- 
theliomas encountered at the Utrecht 
University Clinic, presented in every de- 
tail, provide a complete and fascinating 
picture of all the posible biologic varia- 
tions of these tumors. American students 
of the subject may be surprised by the 
relative neglect of Arthur Hertig’s early 
paper on the etiology of hydatidiform 
mole [A. T. Hertig and H. W. Edmonds, 
Arch. Pathol. 30, 260 (1940)] and the 
considerable emphasis on his later grad- 
ing of hydatidiform mole according to 
relative malignancy [A. T. Hertig and 
W. H. Sheldon, Am. J. Obstet. Gynecol. 
53, 1 (1947)], which has not been uni- 
versally accepted. This, however, can 
scarcely detract from the extreme value 
of this book to everyone concerned with 
the biology of cancer. 

GrorcEe W. Corner, Jr. 
Johns Hopkins Hospital 


Principles of Stratigraphy. Carl O. Dun- 
bar and John Rodgers. Wiley, New 
York; Chapman & Hall, London, 
1957. 356 pp. Illus. $10. 


This pleasing volume fills a long-felt 
need in geological literature. While the 
primary objective in its preparation may 
have been to provide an adequate text- 
book for a graduate course in stratigra- 
phy, it will accomplish not only this but 
will also undoubtedly find a very useful 
place in the bookshelves of all geologists 
who are interested in sedimentary rocks. 

Part I (95 pages) deals principally 
with general processes of transportation 
and deposition of sediments and with 
the characteristic features of the deposits 
of various environments: fluvial, desert, 
lake, glacial, neritic, bathyal, abyssal, 
cliffed shore, beach, tidal flat, lagoon, 
estuary, delta, and organic reef. 
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Part II (60 pages) is concerned with 
the nature of stratification, unconformi- 
ties and diastems, and facies changes. 

Part III (97 pages) covers the nomen- 
clature of sedimentary rocks in general 
and the description and genesis of indi- 
vidual lithologic types, classified under 
the chapter headings of “Rudites,” 
“Terrigenous arenites,” “Lutites,” “Red- 
beds,” “Carbonate rocks,” and “Siliceous 
non-fragmental rocks.” 

Finally, part IV (61 pages) discusses 
stratigraphic classification; the nature of 
stratigraphic units, with discussion of 
usage and terminology, and principles of 
correlation; and broad patterns in the 
distribution of sedimentary rocks. 

The text is illustrated with 123 figures 
consisting of well-chosen photographs 
and simple, clear diagrams and sketches. 
There are 20-pages of bibliography and 
15 pages of subject index. The format 
of the book is excellent, and it is re- 
markably free from typographical errors. 

I found the subject matter extremely 
interesting and stimulating. The schol- 
arly background and broad experience 
of the authors is evident throughout in 
the richness of reference and example. 
Particularly to be commended is the fact 
that, in the discussion of sedimentary 
processes, environments of deposition, 
lithologic types, and stratigraphic prin- 
ciples, numerous specific illustrative ex- 
amples are cited from various parts of 
the stratigraphic column and from vari- 
ous parts of the world. 

Stratigraphy is a dynamic subject. We 
are far from having heard the last word 
on many of the topics touched upon in 
this book, and on many there still is 
spirited controversy. This is recognized 
by the authors, and, while they state 
their own views, they have in general 
taken an open-minded and broadly tol- 
erant attitude toward the opinions of 
others. Not even the authors always 
agree, and doubtless most stratigraphers 
will find occasional passages in the book 
to which they will object. It seems to me 
that too much is made of the need for 
a special agent, “turbidity currents,” to 
explain the common phenomenon of 
graded bedding. In addition, the defini- 
tion of a desert as an area with interior 
drainage does not seem very adequate; 
the use of chemical methods in distin- 
guishing marine from nonmarine sedi- 
ments might have been mentioned; in 
the treatment of “facies changes” too 
much emphasis is placed on lateral as 
compared with vertical variations; there 
is little need for the terms biotope and 
lithotope. The statement that mud cracks 
are one of the best evidences of non- 
marine deposition also seems question- 
able; there is insufficient emphasis on 
the increasing importance of radioactive 
methods in the dating of sedimentary 
rocks; and the statement that a certain 
paper on stratigraphic terminology pub- 





lished in 1941 has been the basis for all 
further thinking on the subject in Amer- 
ica will undoubtedly be challenged. 

However, while exception may be 
taken to a few statements and omissions, 
the book as a whole is outstandingly 
comprehensive and authoritative, and it 
should become a standard text and ref- 
erence work. More than that, the au- 
thors are to be congratulated on having 
produced a work which it is impossible 
to read without being inspired with re- 
newed enthusiasm for the fascinating 
field of stratigraphy. 

Hotus D. HepBerc 

Gulf Oil Corporation, 
Pittsburgh, Pennsylvania 


Language: An Enquiry into Its Mean- 
ing and Function. Ruth Nanda An- 
shen, Ed. Harper, New York, 1957. 
xviii + 366 pp. Illus. $6. 


In the introduction to this volume, the 
editor suggests that the problem being 
discussed is “the mystery, the miracle, 
and the magic of language.” This sug- 
gests a kind of mystical approach to 
linguistic phenomena which, unfortu- 
nately, recurs through many of the 19 
essays which comprise the book. Surely, 
we must be at least a little skeptical 
about any theory of language which asks 
at the outset that we “concede that... 
language . . . must come from God” and 
which insists that language “is the proof 
of the existence of God.” As a matter of 
fact, one criticism of this work is pre- 
cisely that, in spite of the editor’s claim 
of homogeneity, the book presents no co- 
herent theory about language at all but 
is merely a collection of uncoordinated 
and often contradictory essays of vary- 
ing merit, by contributors with a wide 
range of interests. Thus, whereas one 
author tells us that it is futile to search 
for the origin of language, another de- 
votes his entire study (39 pages) to a 
not-too-convincing discussion of this very 
topic. 

There is a very real need for a com- 
prehensive treatment of language which 
will in some way illustrate the relative 
positions of such disciplines as linguis- 
tics, philosophy, logic, psychology, liter- 
ary criticism, and so forth. Such a study 
presumably would indicate to what ex- 
tent the findings of investigators in dif- 
ferent fields are complementary and can 
be reconciled with one another and to 
what degree there is genuine disagree- 
ment. This book does not help satisfy 
the need. It is unfortunate that the few 
essays which do contain clear and stimu- 
lating ideas are not numerous enough to 
overcome the impression that the editor 
has created—namely, that language is a 
metaphysical phenomena that cannot be 
understood by the techniques and re- 
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“sources of a scientific method. Much of 











current research in this area is dedicated 
to demonstrating precisely the opposite. 

Sot Saporta 
Department of Spanish and Portuguese, 
Indiana University 


Insect Life in the Tropics. T. W. Kirk- 
patrick. Longmans, Green, New York, 
1957, xiv+311 pp. Illus. $7. 


In the past century, science, and with 
it entomology, has become an area for 
the expert. The rigorous code of the 
latter, especially in the publication of 
results, has all but driven the amateur 
natural historian from the field. Yet, in 


the opinion of many scientists, the ama- _ 


teur is the primordium of the profes- 
sional and, therefore, he should be at- 
tended. The large body of popular writ- 
ings on science appearing under recog- 
nized names indicates that he is, and 
that popular works increasingly enjoy 
the regard of professionals. 

Now this excellent little volume on 
tropical entomology joins the distin- 
guished books of Hoyle, Gamow, and 
many others in its encouragement of the 
amateur. It may be too good for him. 
The opening chapters of the book are 
organized on the plan of a textbook on 
entomology; insect structure and classi- 
fication are given—briefly, it is true, but 
with little sacrifice of technical accuracy 
to so-called popular appeal. The sections 
that follow comprise an entertaining 
potpourri of facts about tropical insects, 
in chapters rather loosely headed “De- 
velopment,” “Reproduction,” “Food and 
feeding,” “Defense and protection,” and 
“Insect communities.” These make de- 
lightful reading, although the expert will 
be mildly irritated by the lack of specific 
citations to literature and of rigid sub- 
ject categories, in which the author had 
to make some compromises for the sake 
of brevity. The many diagrams, photo- 
graphs, and drawings are well done. This 
book is highly recommended. 

JoserpH H. Youne 
Department of Zoology, 
Tulane University 


Thermodynamics and Statistical Me- 
chanics. A. H. Wilson. Cambridge 
University Press, New York, 1957. xv + 
495 pp. Illus, $9.50. 


The author states that his aim is to 
give a somewhat critical account of ther- 
modynamics and statistical mechanics in- 
tended mainly for theoretical physicists. 
However, the lucidity, charm, and suc- 
cinctness of his style will doubtless ap- 
peal to a wider audience. Many physical 
chemists, physical metallurgists, and ex- 
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perimental physicists or graduate stu- 
dents needing a review of these fields 
will be included. 

The initial four chapters (90 pages) 
are devoted to thermodynamics, starting 
with two on the classical development 
of the first and second laws of thermo- 
dynamics from first principles. The pre- 
sentation is so clear and easy to follow 
that superior undergraduates could use 
it for collateral reading, even in a first 
course. Thermodynamic functions and 
the myriad equations in which they ap- 
pear are neatly treated next, and Cara- 
theodory’s axiomatic foundation of ther- 
modynamics is clearly presented in the 
fourth chapter. 

Chapters five and six (88 pages) dis- 
cuss statistical mechanics and some of its 
simple applications (general principles, 
connection with thermodynamics, fluc- 
tuations, quantum statistics, perfect 
gases, crystalline solids, radiation). In 
library copies, these pages will probably 
be particularly well worn by generations 
of graduate students. The next chapter, 
on the third law of thermodynamics, 
rounds out the discussion of general laws 
and their most immediate applications. 

The last four-sevenths of the book 
(280 pages) comprise seven chapters, on 
applications to imperfect gases, hetero- 
geneous equilibrium, electric and mag- 
netic phenomena (mostly solid state), 
gas mixtures and chemical reactions, so- 
lutions, electrochemical systems, and 
some additional topics in solids (rubber 
and order-disorder). They are all fine 
graduate-level introductions, but as the 
book is a text rather than a reference 
work, those particularly interested in spe- 
cial topics may want to consult the ref- 
erences at the ends of the chapters. 
These are fairly current, and though far 
from exhaustive, include many impor- 
tant papers, texts, and reviews. Topics 
traditionally in the field of physical 
chemistry are treated in sufficient detail 
to satisfy most physicists, but chemists 
would probably want to go further. 
Though many topics in solid-state phys- 
ics are treated (besides those cited, there 
are discussions of ferroelectricity, para- 
magnetic substances, ferromagnetism, 
antiferromagnetism, and superconductiv- 
ity in the chapter on electric and mag- 
netic phenomena), the theory of lattice 
defects, semiconductors, and thermionic 
emission is omitted, and theory of metals 
(treated by the author in another book) 
is barely touched. While cooperative 
phenomena might perhaps be treated 
most elegantly together, four such cases 
are discussed in the chapter on electric 
and magnetic phenomena, one in the 
chapter on additional topics in solids, 
and one (superfluidity) in the chapter 
on heterogeneous equilibrium, with a bit 
on rotational transitions tucked away in 
the chapter on the third law. But this 


is a minor matter when balanced against 
the eminent success of the author’s at- 
tempt to achieve his stated aims. 

A number of misprints were found: 
“constant-value” appears where “con- 
stant-volume” should be (second para- 
graph, page 70); a subscript “II” should 
be “I” on page 27, equation 9.42.2; 
summation over i should be indicated in 
the second term on the right of equation 
11.321.1 on page 366; the reference to 
“fig. 8.9 of page 226” above table 11.1 
on page 370 should be to figure 8.8 on 
page 224; on page 436, line 2, “grounds” 
should be changed to “groups,” and on 
page 448 the “lo” has disappeared from 
parallelopiped. 

Jerome RoTHsTEIN 
Edgerton, Germeshausen & Grier, 
Boston, Massachusetts 


Induced Delusions. The psychopathy of 
Freudism. Coyne H. Campbell. Re- 
gent House, Chicago, 1957. xx + 189 
pp. $4. 


This book is an attempt to “expose” 
psychoanalysis and to eject psychoana- 
lytic theory from medical school cur- 
ricula. The author believed that analytic 
concepts and theories were fantasies and 
hypnotically conditioned delusions of no 
scientific or therapeutic value. The en- 
tire volume is replete with strongly emo- 
tional statements which are frequently 
confused, contradictory, and inaccurate. 
It is much too revealing in ways that 
were not intended. It cannot be recom- 
mended for any serious reader. 

Dana L. FarNswortH 
Harvard University 


Dangerous Properties of Industrial Ma- 
terials. A completely revised and en- 
larged edition of Handbook of Dan- 
gerous Materials. N. Irving Sax. Rein- 
hold, New York; Chapman & Hall, 
London, ed. 2, 1957. vii+ 1467 pp. 
$22.50. 


In this encyclopedic reference volume 
the author and his assistants have pre- 
sented a rewritten and enlarged version 
of Sax’ Handbook of Dangerous Mate- 
rials (1951). This volume discusses 8500 
materials in approximately 1500 pages, 
whereas the earlier volume devoted 850 
pages to 5000 materials. 

The objective of the earlier volume 
was to provide a conveniently arranged 
reference work on the hazardous proper- 
ties of chemical compounds and other 
industrial materials with emphasis on 
what precautionary measures should be 
taken to handle them safely. 

The 12 sections comprising the en- 
larged edition are conveniently thumb- 
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indexed, and carry the following titles: 
“Toxicology,” “Ventilation control,” 
“Personnel protection and personal hy- 
giene,” “Atmospheric pollution,” “Radi- 
ation hazards,” “Industrial fire protec- 
tion,” “Storage and handling of hazard- 
ous materials,’ “Reactor safeguards,” 
“Allergic disease in industry,” “General 
chemicals,” “Shipping regulations,” and 
“Index to synonyms.” 

The largest section, over 1000 pages, 
is the one on general chemicals. The 
various materials are alphabetically ar- 
ranged and presented under such sub- 
jects as synonym, description, formula, 
physical constants, toxic hazard rating, 
fire hazard, explosion hazard, disaster 
control, ventilation control, personal hy- 
giene, and storage and handling. The 
section on shipping regulations, of some 
160 pages, is the next largest in size. 
This section reproduces appropriate text, 
tables, and shipping labels from the 
regulations of the Interstate Commerce 
Commission (Bureau of Explosives). 
The remaining sections, varying in length 
from 8 to 56 pages, bring together addi- 
tional helpful information related to 
safety. 

This handbook should be found use- 
ful not only by persons responsible for 
producing and maintaining a safe and 
healthful occupational environment but 
also by editors, technical writers, inves- 
tigators, and others engaged in provid- 
ing information for the improvement of 
the work environment. 

W. M. GaFAreR 
Occupational Health Program, 
U.S. Public Health Service 


New Books 


The Voyage of the Lucky Dragon. 
Ralph E. Lapp. Harper, New York, 1958. 
213 pp. $3.50. 

The Bacteriology of Tuberculosis. 
Egons Darzins. University of Minnesota 
Press, Minneapolis, 1958. 499 pp. $10. 

Nuclear Masses and Their Determina- 
tion. Proceedings of the conference held 
in the Max-Planck-Institute fiir Chemie, 
Mainz, 10-12 July 1956. H. Hinten- 
berger, Ed. Pergamon Press, New York 
and London, 1957. 276 pp. $14. 

Ion-Exchange Resins. J. A. Kitchener. 
Methuen, London; Wiley, New York, 
1957. 116 pp. $2. 

The Strategy of the Genes. A discussion 
of some aspects of theoretical biology. C. 
H. Waddington. Macmillan, New York, 
1957. 271 pp. $4. 

The Grasshoppers and Locusts (Acri- 
doidea) of Australia. vol. III, Family 
Acrididae: Subfamily Cyrtacanthacridi- 
nae. Tribes Oxyini, Spathosternini, and 
Praxibulini. James A. G. Rehn. Common- 
wealth Scientific and Industrial Organi- 
zation, Melbourne, Australia, 1957. 273 
pp. 

The Quest for Identity. Allen Wheelis. 
Norton, New York, 1958. 250 pp. $3.95. 
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God’s World and You. O. A. Battista. 
Bruce, Milwaukee, Wis., 1957. 244 pp. 
$3.95. 

Bridges and Their Builders. David B. 
Steinman and Sara Ruth Watson. Dover, 
New York, rev. ed., 1957. 417 pp. $1.95. 

Selections from Modern Abstract Alge- 
bra. Richard V. Andree. Holt, New York, 
1958. 224 pp. $6.50. 

Electrical Discharges in Gases. F. M. 
Penning. Macmillan, New York; Philips, 
Eindhoven, Netherlands, 1958. 83 pp. $3. 

Plant Design and Economics for Chem- 
ical Engineers. Max S. Peters. McGraw- 
Hill, New York, 1958. 522 pp. $11. 

Biophysical Chemistry. vol. 1, Thermo- 
dynamics, Electrostatics, and the Biologi- 
cal Significance of the Properties of Mat- 
ter. John T. Edsall and Jeffries Wyman. 
Academic Press, New York, 1958. 714 
pp. $14. 

Magnesium. The fifth major plant nu- 
trient. A. Jacob. Translated from the 
German by Norman Walker. Staples 
Press, London, 1958. 171 pp. 40s. 

Chemistry of Carbon Compounds. A 
modern comprehensive treatise. vol. IV, 
pt. A, Heterocyclic Compounds. E. H. 
Rodd, Ed. Elsevier, New York, 1957 
(order from Van Nostrand, Princeton, 
N.J.). 833 pp. $28. 

Around the World in 90 Minutes. The 
fabulous true story of the man-made 
moons. David O. Woodbury. Harcourt, 
Brace, New York, 1958. 248 pp. $5.75. 

Film Formation, Film Properties, and 
Film Deterioration. A study by the Re- 
search Committee of the Federation of 
Paint and Varnish Production Clubs. 
Charles R. Bragdon, Ed. Interscience, 
New York, 1958. 437 pp. $9.75. 

Science and the Creative Spirit. Essays 
on humanistic aspects of science. Karl W. 
Deutsch, F. E. L. Priestley, Harcourt 
Brown, David Hawkins. Harcourt Brown, 
Ed. University of Toronto Press, Toronto, 
Canada, 1958. 192 pp. $4.50. 

Explorations in Role Analysis: Studies 
of the School Superintendency Role. Neal 
Gross, Ward S. Mason, Alexander W. 
McEachern. Wiley, New York; Chapman 
& Hall, London, 1958. 393 pp. $8.75. 

Science in Everyday Things. William 
C. Vergara. Harper, New York, 1958. 316 
pp. $3.95. 

Fundamentals of Mathematics. M. 
Richardson. Macmillan, New York, rev. 
ed., 1958. 525 pp. $6.50. 

General Chemistry. A first course. L. E. 
Young and C. W. Porter. Prentice-Hall, 
Englewood Cliffs, N.J., ed. 4, 1958. 639 
pp. $6.75. 

Better Report Writing. Willis H. 
Waldo. Reinhold, New York; Chapman 
& Hall, London, 1957. 238 pp. $4.75. 

Distributional Check-List of the Birds 
of Mexico. pt. II, Pacific Coast Avifauna, 
No. 33. Cooper Ornithological Society, 
Berkeley, Calif., 1957. 436 pp. 

Physico-Chemical Effects of Pressure. 
S. D. Hamann. Academic Press, New 
York; Butterworths, London, 1957. 246 
pp. $8.50. 

Structure Reports, 1951. vol. 15. A. J. 
C. Wilson, Ed. International Union of 
Crystallography and Oosthoek, Utrecht, 
Netherlands, 1957. 588 pp. 





Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


The Relationships between Electroen- 
cephalographic and Psychological Data 
in Normal Adults. P. F. Werre. Universi- 
taire Pers Leiden, Leiden, Netherlands, 
1957 (order from Martinus Nijhoff, Lange 
Veerhout ’s-Gravenhage). 152 pp. F. 15. 

Public Law Problems in India. A survey 
report. Proceedings of a conference held 
at the Stanford Law School, 15 July-16 
August 1957. Lawrence F. Ebb, Ed. Stan- 
ford University, Stanford, 1957. 194 pp. 
$2.50. 

Notes on Some Brazilian and Other 
Leguminosae. Contributions from the U.S. 
National Herbarium, vol. 29, pt. 12. Ar- 
turo Burkart. 7 pp. Diagnostic Character- 
istics of the Fruits and Florets of Eco- 
nomic Species of North American Sporo- 
bolus. vol. 34, pt. 1. Vera Lyola Colbry. 
24 pp. Smithsonian Institution, Washing- 
ton, D.C., 1957. 


The Medical and Veterinary Impor- 


tance of Cockroaches. Smithsonian Misc. 
Collections, vol. 134, No. 10. Louis M. 
Roth and Edwin R. Willis. 147 pp. Per- 
mian Brachiopods from Central Oregon. 
vol. 134, No. 12. G. Arthur Cooper. 79 pp. 
Morphology and Taxonomy of the Fora- 
miniferal Genus Pararotaliz Le Calvez, 
1949, vol. 135, No. 2. Alfred R. Loeblich, 
Jr., and Helen Tappan. 24 pp. Mineral- 
ogical Studies on Guatemalan Jade. vol. 
135, No. 5. William F. Foshag. 60 pp. A 
Revised Interpretation of the. External 
Reproductive Organs of Male Insects. vol. 
135, No. 6. R. E. Snodgrass. 60 pp. Smith- 
sonian Institution, Washington, D.C., 
1957. 

Federal Grants and Contracts for Un- 
classified Research in the Life Sciences. 
Fiscal year 1956. National Science Foun- 
dation, Washington 25, 1957. 241 pp. 

The Old Copper Culture and Kewee- 
naw Waterway. Fieldiana: Anthropology, 
vol. 36, No. 8. George I. Quimby and 
Albert C. Spaulding. 13 pp. $0.40. New 
Birds from the Philippines. Philippine 
Zoological Expedition, 1946-1947. Fiel- 
diana: Zoology, vol. 42, No. 2. Austin L. 
Rand and D. S. Rabor. 6 pp. $0.15. Chi- 
cago Natural History Museum, Chicago, 
1957. 

Protoplasmatologia, Handbuch der Pro- 
toplasmaforschung. Band I, Grundlagen; 
1956; 1956. 162 pp. $12.40. Band II, 
Cytoplasma; 1957. 43 pp. $7.40. L. V. 
Heilbrunn and F. Weber, Eds. Springer, 
Vienna. 

Anthropological Papers, Numbers 49- 
56. Bureau of American Ethnology Bull. 
164. Smithsonian Institution, Washing- 
ton, 1957 (order from Supt. of Docu- 
ments, GPO, Washington 25). 355 pp. 
$2.75. 

Geochemical Prospecting. General re- 
connaissance methods. Nalin R. Mukher- 
jee and Leo Mark Anthony. University of 
Alaska, College, 1957. 81 pp. $2. 

Danish Review of Game Biology. vol. 
3, pt. 2. R. Sparck and H. M. Tamdrup, 
Eds. Schultz, Copenhagen, Denmark, 
1957. 131 pp. 
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Nuclear Structure 


On 8-14 September 1957 an Inter- 
national Conference on Nuclear Struc- 
ture was held at the Weizmann Institute 
of Science in Rehovoth, Israel. Approxi- 
mately two hundred physicists, represent- 
ing 15 different countries, attended this 
conference, which was sponsored by 
UNESCO, the International Union of 
Pure and Applied Physics, the Israel 
Atomic Energy Commission, and the 


cellent organization of the conference 
by the secretary, A. de Shalit, and by 
the staff of the Weizmann Institute was 
an important factor which contributed 
greatly to its success. 

The half-day sessions consisted of two 
or three invited lectures followed by dis- 
cussion periods or by presentations of 
short (sometimes very short) contrib- 
uted papers, or by both. In view of the 
wealth of material presented, only a lim- 
ited number of papers can be discussed 
here in detail. A comprehensive report 
of the conference will be published in 
the near future as the “Proceedings of 
the Rehovoth Conference on Nuclear 
Structure, 1957” (North-Holland Pub- 
lishing Company, Amsterdam). 

The first two days of the conference 
were devoted to discussions of the theory 
of nuclear models, to the interpretation 
of nuclear spectroscopy data in the light 
of the different models, and to consid- 
erations of effects of the finite nuclear 
size. After informal discussions (for 
which ample time was provided by a 
sight-seeing trip to Jerusalem, through 
the courtesy of the Hebrew University, 
and a reception by the President of the 
State of Israel, I. Ben-Zvi), the confer- 
ence continued with a somewhat more 
diversified program. A whole day’s pro- 
gram was concentrated on discussions of 
the subject of nonconservation of parity 
and beta-decay in theory and experi- 
ment. Sessions devoted to discussions of 
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extranuclear effects, on angular correla- 
tion, to the description of nuclear spec- 
troscopy instruments, and to measure- 
ments of very short nuclear lifetimes 
concluded the official part of the confer- 
ence, 

Nuclear models. In the first lecture of 
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Weizmann Institute of Science. The ex- ' 


Meetings and Societies 


the opening session on shell model evi- 
dence in nuclei, R. J. Eden (Cambridge) 
discussed the theoretical foundations of 
the nuclear shell model. The methods 
of K. Brueckner (Philadelphia) and his 
collaborators can be used to study many 
particle systems in which there are 
strong two-body forces. The extension 
of these methods provides a form of per- 
turbation theory which is applicable to 
low-lying states of nuclei. In the case of 
a closed shell nucleus, the independent 
particle model potential can be deter- 
mined from given two-body forces on the 
basis of self-consistent equations. Due to 
degeneracy problems, the formalism is 
considerably more complicated for nu- 
clei that correspond to a closed shell 
plus several nucleons. 

In the discussion, Brueckner men- 
tioned attempts to understand the col- 
lective properties on the basis of an elec- 
tron gas approach. Also, calculations on 
the basis of nonlocal interactions are 
being made at present. B. H. Flowers 
(Harwell) communicated his calcula- 
tions of properties of the lithium-7 nu- 
cleus, adjusting the parameters of his 
theory to agree with the observed data of 
lithium-6. The agreement between the 
predicted and observed data of lithium-7 
is fair. I. Talmi (Weizmann Institute) 
emphasized the need for a better under- 
standing of the effective two-body forces 
between nucleons, which are very dif- 
ferent from the interactions between free 
nucleons, Even if these forces were 
known, the lack of detailed knowledge of 
the single nucleon radial functions would 
interfere with any attempt to obtain 
quantitative results. It is possible, how- 
ever, on the basis of general assumptions 
(effective two-body forces, j-j-coupling, 
no change of radial functions going from 
one nucleon to another) to impose con- 
sistency relations on the data and, in this 
way, to obtain indications whether the 
assumptions are reasonable. In several 
cases in which it was possible to analyze 
the data, quantitative agreement was ob- 
tained. 

The unified model of the nucleus was 
the subject of a lecture by B. R. Mottel- 
son (Copenhagen). While many main 
features of the classification of low- 
energy nuclear data follow simply from 


the symmetry properties of the nuclear 
shape, a more detailed description re- 
quires a better understanding of the na- 
ture of the correlations involved in the 
collective motion. R. E. Peierls (Bir- 
mingham) presented a discussion on the 
foundations of the collective model, in 
which he pointed out that the method 
developed by Wheeler and Griffin, 
Peierls and Yoccoz, Skyrme, and others, 
when applied to the problem of center- 
of-mass motion, does not automatically 
give the correct answer for the transla- 
tional energy. This method can be con- 
sidered the first step in an expansion in 
which higher terms represent the dif- 
ference between the correct two-body 
forces and the well potential used in the 
shell model. Higher terms must be taken 
into account to correct the values of the 
translational energy as well as the mo- 
ments of inertia calculated in the rota- 
tional case. Unfortunately no numerical 
results are as yet available. 

The main lecture of an evening ses- 
sion of the first day of the conference 
was given by G. Racah (Hebrew Univer- 
sity ), who discussed the seniority number 
and its application to nuclear spectros- 
copy. The seniority number is the num- 
ber of particles in a nuclear system 
which are not coupled together with an- 
tiparallel angular momenta (nonsatu- 
rated particles). The seniority number 
gives the smallest number of particles 
needed for building a state with the same 
properties, and it therefore character- 
izes the simplest configuration which con- 
tains such a state. Certain properties of 
nuclear states, such as the angular mo- 
mentum and the magnetic dipole mo- 
ment (but not the energy), depend essen- 
tially on the number of nonsaturated 
particles (the seniority number), since 
the “saturated” pairs of particles are 
spherical symmetric and do not contrib- 
ute to the above-mentioned nuclear prop- 
enties. 

Electromagnetic transitions and heavy 
nuclei. The morning session of the sec- 
ond day was opened with a paper by D. 
Wilkinson (Cambridge) on radiative 
transitions in light nuclei. Dipole transi- 
tions, electric as well as magnetic, seem 
to follow the general trend expected from 
the independent particle model. Elec- 
tric quadrupole transitions, however, 
show very clearly the effects of collective 
motion. Effects of isotopic spin selection 
rules on electric dipole transitions were 
also discussed by the speaker. No evi- 
dence is found for departures from 
charge independence of the specifically 
nuclear forces. 

In the next lecture, on effects of con- 
figuration interaction on electromagnetic 
transitions, A. de Shalit (Weizmann In- 
stitute) pointed out that corrections of 
higher order must be considered before 
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discrepancies between the zeroth-ap- 
proximation shell-model .predictions and 
experimental data are studied. The con- 
tributions of configuration interaction to 
transition probabilities as well as the pos- 
sibility of interference between different 
contributions must be taken into account. 
On this basis a fair enhancement of elec- 
tric quadrupole transition probabilities 
can be understood, even within the 
framework of the shell model. 

I. Bergstrom (Nobel Institute) pre- 
sented a survey of experimental data on 
energy levels and multipole transitions in 
heavy nuclei (Z=74 to Z=84). Regu- 
larities in the appearance and separation 
of certain levels can be understood on the 
basis of predictions of the single-particle 
shell model. Also, a comparison between 
observed transition probabilities for mul- 
tipole gamma transitions and those cal- 
culated from the single-particle model 
was presented. An influence of the magic 
numbers Z = 82 and N=126 is obvious. 

Effects of the finite size of the nucleus. 
The next session was devoted to effects 
of the finite size of the nucleus. M. E. 
Rose (Oak Ridge) presented an excel- 
lent review of all the phenomena in low- 
energy nuclear physics which are af- 
fected by the finite nuclear size. The 
internal conversion of gamma rays can 
be strongly influenced by the finite size of 
the nucleus by virtue of two effects: (i) 
the finite charge distribution of nuclei 
modifies the wave function of the elec- 
tron as compared to the case of a point 
nucleus (static influence), and (ii), due 
to the penetration of the atomic electrons 
into the nucleus, the conversion is af- 
fected by the actual shape of the charge 
distribution (dynamic influence). The 
effects are particularly large (up to 50 
percent) for dipole radiation and for 
very heavy nuclei. 

In the following lecture, A. H. Wap- 
stra (Amsterdam) discussed the methods 
for and the difficulties in obtaining pre- 
cise experimental values of the probabil- 
ity of internal conversion. According to 
the speaker, the most precise method 
consists of a comparison of beta spectra 
and conversion line intensities. Measure- 
ments were presented which clearly 
showed evidence of the influence of the 
finite nuclear size on the probability of 
internal conversion. Other effects of the 
finite nuclear size include the influence 
on beta-decay phenomena, in particular 
on the electron-capture to positron- 
branching ratio. This latter aspect was 
discussed by P. F. Zweifel (General 
Electric). 

Parity nonconservation in beta-decay. 
The sessions on parity nonconservation 
and beta-decay in theory and experiment 
were held on 12 September (these ses- 
sions were postponed two days because 
of travel delays of one of the main speak- 
ers). The morning session was opened by 
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E. I. Konopinski (Indiana) with an out- 
standing clear summary of what can be 
learned about the beta interaction by 
means of the “classical” experiments— 
that is, experiments which do not give 
evidence of parity nonconservation. The 
classical experiments are, in principle, 
suited to measure the relative propor- 
tions of the Fermi and Gamow-Teller 
couplings. The electron-neutrino corre- 
lations in particular should determine 
whether the tensor (J) or the axial- 
vector (A) coupling is responsible for 
the Gamow-Teller component, and 
whether the scalar (S$) or vector (V) 
coupling is responsible for the Fermi 
component. At present, it is not possible 
to reconcile all experimental data on 
electron-neutrino-angular correlations 
with one particular choice of coupling. 
So far, the contradictions in the differ- 
ent experimental values cannot be re- 
solved by any conceivable generalization 
of the theory. Clearly, better and more 
of the “classical” electron-neutrino cor- 
relation measurements are needed before 
a final answer as to the beta coupling 
constants can be given. 

The theoretical implications of parity 
violation in beta interactions were dis- 
cussed by T. D. Lee (Columbia). The 
fact that now all experimental data on 
the longitudinal polarization of electrons 
emitted in a beta-decay process are com- 
patible with a polarization of —v/c, 
whereas. data on positrons agree with a 
longitudinal polarization of +v/c, gives 
strong support to the two-component 
theory of the neutrino. The physical 
aspect of this theory is that the spins of 
all neutrinos are parallel to their mo- 
mentum, whereas the spins of all anti- 
neutrinos are in a direction opposite to 
their momentum. On the basis of this 
theory, the neutrino is defined as a par- 
ticle with a right-hand helicity 


H=(o-p)=+1; 


the antineutrino as a particle with a left- 
handed helicity 


HR=(o-p)=-1. 


The two-component theory introduces 
certain relationships between the cou- 
pling constants of the beta interaction. 
As far as nuclear beta-decay phenomena 
are concerned, the two-component neu- 
trino theory gives a picture which is con- 
sistent with all the experimental evidence 
on parity nonconservation. Konopinski 
also discussed the problem of lepton con- 
servation in beta-decay. It seems that 
this conservation law is not violated. One 
of the most important questions which 
now remains to be answered by experi- 
ments is the problem of invariance of 
the weak interaction Hamiltonian under 
the time-reversal operation. 

The experimental evidence of non- 
conservation of parity and charge con- 


jugation in beta-decay was the subject 
of the next lecture, which was given by 
C. S. Wu (Columbia). The lecture 
comprised a survey of the experimental 
development concerning parity noncon- 
servation. Ever since the historic investi- 
gation: of Wu e¢ al. (January 1957) 
which established the fact that parity as 
well as charge conjugation is not con- 
served in beta-decay, data have been 
amassed at a tremendous rate. 

The original experiment of Wu et al., 
which was performed at the National 
Bureau of Standards, consisted of polar- 
izing the electron emitter cobalt-60 by 
means of low-temperature techniques 
and observing the intensity of beta radia- 
tion in the direction of the spin vectors 
of the polarized cobalt-60 nuclei and in 
the opposite direction. A large asym- 
metry of the beta ray intensity was ob- 
served; only about half as many electrons 
were found to be emitted in the direction 
of the nuclear spin as in the direction 
opposite to the spin vector. The pres- 
ence of this asymmetry gave conclusive 
proof of the violation of parity conser- 
vation (P), and the magnitude of the 
effect also indicated that invariance 
under charge conjugation is violated 
(C). 

Similar experiments with the positron 
emitter cobalt-58 showed the same re- 
sult, except that the asymmetry is posi- 
tive—that is, more positrons are emitted 
in the direction of the nuclear spin vec- 
tor. In addition, it was verified that the 
asymmetry of the beta emission for elec- 
trons as well as for positrons is essen- 
tially proportional to B=v/e (v=veloc- 
ity of the beta particle). This experi- 
mental result is in agreement with the 
predictions of the two component neu- 
trino theory. A very accurate determina- 
tion of the momentum dependence of 
the beta asymmetry could, in principle 
at least, resolve the question of whether 
the beta interaction violates invariance 
under time reversal (J). If T is con- 
served, then CP is conserved on the basis 
of the Schwinger-Luders-Pauli theorem 
(TCP theorem). 

Shortly after the nuclear polarization 
experiments, the observation of the cir- 
cular polarization of the gamma radia- 
tion following beta-decay and the longi- 
tudinal polarization of electrons and 
positrons emitted in beta-decay cor- 
roborated the failure of parity conserva- 
tion in weak interactions. Although some 
early experiments seemed to indicate a 
small longitudinal polarization of the 
beta particles in some cases, all the more 
recent measurements agree with a longi- 
tudinal polarization of degree —v/c for 
electrons and +v/c for positrons. 

M. Deutsch (Massachusetts Institute 
of Technology) discussed the expeti- 
mental methods which are being used to 
study the longitudinal polarization of 
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‘positrons. All these methods make use 





of the dependence of the annihilation 
properties of the positron-electron pair 
on the state of the polarization of the 
positron. The angular correlation of 
the annihilation radiation of positrons 
stopped in magnetized iron can be em- 
ployed to establish the longitudinal po- 
larization of positrons, or a method can 
be used which is based on the difference 
which exists in the annihilation-in-flight 
rates for the M=0 and M=1 magnetic 
substates formed by the incident longi- 
tudinally polarized positron and the 
polarized electron partner in magnetized 
iron. Deutsch also discussed his and his 
collaborators’ method of observing the 
circular polarization of annihilation radi- 
ation emitted by longitudinally polar- 
ized positrons which annihilate in flight. 

A very elegant method of observing 
the longitudinal polarization of positrons 
is based on the measurement of the pre- 
ponderance of 15S, states of posi- 
tronium over 115, , states formed in a 
gas in a magnetic field. This observation 
yields directly the excess of positron 
spins opposed to the magnetic field over 
those parallel to it. 

The various methods which are being 
applied to determine the: loncitudinal 
polarization of electrons were discussed 
by H. Frauenfelder (Illinois). The cir- 
cular polarization of the bremstrahlung 
of electrons stopped in matter gives di- 
rect evidence of their longitudinal polar- 
ization, 

In a quite different approach to the 
problem, use is made of the strong de- 
pendence of the electron-electron (M¢@l- 
ler) scattering cross section on the 
relative orientation of the spins of the 
incident and target electron. At all ener- 
gies, the cross section for such a scatter- 
ing process is much smaller in the case 
where the two electron spins are parallel 
than in the case of antiparallel spins. 
Again, polarized electrons are available 
in magnetized ferromagnetic material, 
and the measurement of the longitudinal 
polarization of an electron beam consists 
in observing the intensity difference in 
the scattering of electrons on a magne- 
tized iron foil for different directions of 
the magnetization. Also, various meth- 
ods have been employed to convert a 
longitudinally polarized electron beam 
into a transversely polarized one (deflec- 
tion in electric fields, scattering at 90°). 
The transverse polarization of the elec- 
trons can then be detected by elastic scat- 
tering on a thin foil of a high Z material 
(Mott scattering). A series of contrib- 
uted papers on details of the above-men- 
tioned measurements comprised the 
principal part of the remainder of this 
session. 

A lecture on the measurement of beta 
spectra given by L. M. Langer (Indiana) 
closed the session. In his discussion, 
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Langer presented evidence of slight 
anomalies in the spectra of indium-114, 
phosphorus-32, and yttrium-90. It is 
very unlikely that these deviations are 
attributable to Fierz type interference 
terms. 

Angular correlation of nuclear radia- 
tions. The program of the next session 
consisted of papers on angular correla- 
tions of successive nuclear radiation. In 
the first lecture, R. M. Steffen (Purdue) 
presented experimental results on beta- 
gamma angular correlations. Ordinary 
beta-gamma directional correlation ex- 
periments on first-forbidden beta tran- 
sitions (for example, potassium-42, gold- 
198) show an appreciable anisotropy, al- 
though the spectra were found to be of 
allowed shape. Precise beta-gamma di- 
rectional correlation measurements on 
allowed beta transitions made it possible 
to give an upper limit for the pseudo- 
scalar coupling constant Cp in terms of 
the tensor coupling constant C7p:Cp <5 
Cr. 

Beta-polarization gamma-directional 
correlation experiments, in which the 
transverse polarization of the beta par- 
ticle with respect to the propagation 
directions of the gamma radiation and 
the beta radiation is measured, were de- 
scribed. Such a very small transverse 
polarization was observed in the decay 
of gold-198. The implications of this re- 
sult for the invariance of the beta inter- 
action Hamiltonian with respect to time- 
reversal was discussed. 

Steffen also presented results of beta- 
directional gamma-polarization correla- 
tion experiments in which the circular 
polarization of the gamma radiation is 
observed. The circular polarization of 
gamma rays can be observed by studying 
the transmission through or the scatter- 
ing on magnetized iron. The results of 
some of these measurements require the 
presence of appreciable interference 
terms (such as scalar-tensor or vector- 
axial vector interference, or both) in the 
beta-decay interaction. 

Extra nuclear effects on angular cor- 
relations were the subject of the next 
two papers. A. Abragam (Saclay) pre- 
sented a review of the general theory, 
using the density matrix formalism. The 
influence of the static interactions be- 
tween external magnetic fields and mag- 
netic moments of the nucleus or electric 
field gradients, or both, and the nuclear 
quadrupole moment were discussed. 
Nonstatic interactions can arise in liquids 
where the environment of a nucleus is 
continually changing and also as an after- 
effect of the emission of nuclear radia- 
tion during the recovery of the electron 
shell from the preceding decay process. 
Abragam also considered the perturba- 
tion of a nuclear angular correlation by 
the application of radio-frequency fields. 

In the next lecture H. Frauenfelder 


(Illinois) pointed out how quantitative 
measurements of the influence of extra- 
nuclear fields on angular correlations 
can be used to determine magnetic and 
electric moments of excited, short-lived 
nuclear states. The application of an ex- 
ternal magnetic field causes a rotation of 
the angular correlation pattern. From 
the degree of rotation observed and from 
the known strength of the magnetic 
field, the magnetic moment of the inter- 
mediate nuclear state can be extracted. 
Experiments on electric quadrupole mo- 
ments are much less informative, since 
no artificial electric field gradients of 
sufficient magnitude are available and 
since the field gradients in crystals must 
therefore be used. 

Nuclear instruments and shert life- 
time measurements. The session on in- 
struments of nuclear spectroscopy was 
opened with a survey by T. R. Gerholm 
(Uppsala) on applications of magnetic 
spectroscopy and coincidence techniques. 
Of particular interest was the description 
of a multichannel goniometer for mak- 
ing measurements of angular correla- 
tions. T. W. M. Du Mond (California 
Institute of Technology), in his talk on 
gamma ray measurements by means of 
crystal diffraction, discussed details of 
gamma ray spectrographs and the ex- 
perimental methods used in the precise 
determination of gamma ray energies. 

The last session of the conference was 
devoted to measurements of very short 
nuclear lifetimes. The subject of the first 
talk, presented by S. Devons (London), 
was the techniques involved in the meas- 
urement of lifetimes shorter than 10-?° 
second. Recoil methods are particularly 
successful in this range. In such meth- 
ods the excited nucleus is produced with 
an appreciable recoil velocity (of the 
order of 10° to 10° centimeters per sec- 
ond), and the lifetime is related to the 
time scale determined by this recoil 
velocity and by the physical arrange- 
ments, such as distance moved by the 
recoiling nucleus or the Doppler shift in 
the energy as the recoiling nucleus is re- 
tarded in some stopping material. 

In many cases the observation of 
nuclear resonance fluorescence provides 
quantitative information about the 
width, and consequently about the life- 
time, of nuclear levels. The use of this 
latter method was presented by F. Metz- 
ger (Bartol Research Foundation). When 
using radioactive isotopes as the sources 
of the exciting gamma radiation, one has 
to compensate for the losses in recoil 
energy which occur in the emission and 
the absorption processes. Instead of the 
narrow gamma lines from radioactive 
sources, the wide Doppler-broadened 
gamma rays from charged particle re- 
‘actions can be employed. The integrated 
cross section for resonance fluorescence, 
and with it the lifetime of a transition, 








can be determined in a scattering ex- 
periment or in a self-absorption experi- 
ment. In the next paper, S. G. Cohen 
(Hebrew University) reported on life- 
time measurements of excited states pro- 
duced after alpha decay, in which the 
recoil shifts of conversion electrons are 
used. 

A garden party given by M. W. Weis- 
gal, the chairman of the Weizmann In- 
stitute, provided a very pleasant conclu- 
sion of the official part of this most suc- 
cessful and enjoyable conference. 

Many participants of the conference 
were impressed by the great interest dis- 
played by the officials as well as by the 
population of Israel in matters concern- 
ing science. Not only was the conference 
broadly and prominently covered in the 
local press but there were always a con- 
siderable number of autograph-seeking 
youths waiting outside the conference 
halls. The fact that the delegates were 
invited to a banquet with David Ben- 
Gurion, the prime minister, and that a 
reception was given for them by the 
President of the State gave evidence of 
Israel’s interest in the conference. 

R. M. STEFFEN 
Department of Physics, Purdue 
University, Lafayette, Indiana 
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neapolis 1, Minn.) 

10-12. National Speleological Soc., an- 
nual, Gatlinburg, Tenn. (G. W. Moore, 
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ACS, 1155 16 St., NW, Washington 6.) 

13-19. Federation of American Socie- 
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Philadelphia, Pa. (M. O. Lee, FASEB, 
9650 Wisconsin Ave., Bethesda 14, Md.) 

14-16. Automatic Techniques Conf. 
Detroit, Mich. (J. E. Eiselein, RCA, Bldg. 
10-7, Camden 2, N.J.) 

14-18. American Assoc. of Clinical 
Chemists, annual, Philadelphia, Pa. (M. 
M. Friedman, Lebanon Hospital, New 
York 57.) 

14-18. American Assoc. of Immunolo- 
gists, annual, Philadelphia, Pa. (F. S. 
Cheever, Graduate School of Public 
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17-18. Environmental Engineers, 2nd 
annual institute, New York. (Institute of 
Environmental Engineers, 9 Spring St., 
Princeton, N.J.) 

17-18. Midwest Benthological Soc., an- 
nual, Madison, Wis. (K. M. Mackenthun, 
453 State Office Bldg., Madison 2. ) 

17-19. Association of Southeastern Bi- 
ologists, annual, Tallahassee, Fla. (J. C. 
Dickinson, Jr., Dept. of Biology, Univ. of 
Florida, Gainesville. ) 

17-19. Eastern Colleges Science Conf., 
12th annual, Wilkes-Barre, Pa. (Mrs. E. 
Stevens, Wilkes College, Wilkes-Barre. ) 

18. Iowa Acad. of Science, annual, Des 
Moines. (C. H. Lindahl, Dept. of Mathe- 
matics, Iowa State College, Ames. ) 

18-19. Arkansas Acad. of Science, an- 
nual, Little Rock. (L. F. Bailey, Botany 
Dept., Univ. of Arkansas, Fayetteville. ) 

19-20. Eastern Sociological Soc., 28th 
annual, Philadelphia, Pa. (A. Van der 
Slice, School of Social Sciences and Pub- 
lic Affairs, American Univ., 1901 F St., 
NW, Washington 6. ) 

19-21. American College of Apothe- 
caries, Los Angeles, Calif. (R. E. Abrams, 
Hamilton Court, 39th and Chestnut St., 
Philadelphia, Pa. ) 

19-25, Industrial Health Conf., Atlan- 
tic City, N.J. (IHC, Room 1313, 28 E. 
Jackson Blvd., Chicago 4, Ill.) 

20-22. American Assoc. of Colleges of 
Pharmacy, annual, Los Angeles, Calif. 
(G. L. Webster, College of Pharmacy, 
Univ. of Illinois, 808 S. Wood St., Chi- 
cago, 12.) 

20-22. American Soc. of Hospital Phar- 
macists, Los Angeles, Calif. (Mrs. G. N. 
Francke, 1812 Norway Rd., Ann Arbor, 
Mich. ) 

20-23. Chemical Engineering Conf., 
Canada-United States, Montreal, Quebec, 
(H. R. L. Streight, DuPont Company of 
Canada, P.O. Box 660, Montreal. ) 

20-23. Numerical Approximation 
Symp., Madison, Wis. (R. E. Langer, 
Mathematics Research Center, « U.S. 
Army, Univ. of Wisconsin, 1118 W. John- 
son St., Madison 6.) 

20-25. American Pharmaceutical As- 
soc., annual, Los Angeles, Calif. (R. P. 
Fischelis, APA, 2215 Constitution Ave., 
NW, Washington 7.) 

21-22. National Assoc. of Boards of 
Pharmacy, Los Angeles, Calif. (R. P. 
Fischelis, 2215 Constitution Ave., NW, 
Washington 7.) 

21-23. American Oil Chemists’ Soc., 
Memphis, Tenn. (Mrs. L. R. Hawkins, 
AOCS, 35° E. Wacker Dr., Chicago 1, 
Ill. ) 

21-28. American Industrial Hygiene 
Assoc., annual, Atlantic City, N.J. (G. D. 
Clayton, George D. Clayton and Associ- 
ates, 14125 Prevost, Detroit 27, Mich. ) 

22-24. Electronic Components Symp., 
Los Angeles, Calif. (E. E. Brewer, Con- 
vair, Inc., Pomona, Calif. ) 

23-26. Internal Medicine, 5th internatl. 
cong., Philadelphia, Pa. (E. R. Loveland, 
4200 Pine St., Philadelphia 4.) 
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Non-absorbent Alberene Stone Hoods 
provide Heavy-duty, 24-Hour Service 





The principal advantage of an 
Alberene Hood is the stone 
itself. It’s the only natural sili- 
cate stone with a surface that 
goes all the way thru. It has 
no surface glaze to chip, crack 
or peel. Its absorbency rate is 
only 0.15%. Its chemically- 
resistant, all-silicate mineral 
components make it practi- 
cally nonstaining. It’s highly 
heat-resistant. 





Alberene Stone is easily ma- 
chined for tongue-and-groove, 
watertight construction — a 
necessary feature for perchlo- 
ric hoods where thorough water 
flushing and removal is neces- 
sary to keep them deposit free. 

For full information and 
technical assistance address: 
Alberene Stone Corporation, 
419 Fourth Avenue, New York 
16, N. Y., Dept. S. 








NUS 


NE 


expand its pap, 
the East 








SOME | 


provides LOW ABSORBENCY protection 

















PSYCHOPHARMACOLOGY 


AAAS Symposium Volume 
edited 


by 
Nathan S. Kline 


6” x 9”, clothbound, 175 pp., 

bibliographies, index, 1956 
$3.50 ($3.00 for 

cash orders by AAAS members) 


This volume consists of material pre- 
sented at the first major conference on 
the remarkably successful use of new 
drugs such as chlorpromazine in the 
treatment of mental disease. 


“The authors are competent and care- 
ful workers who have approached this 
problem with a scientific attitude . . 
Throughout the volume runs the thread 
of caution . . . New vistas are being 
opened for the psychiatrist, the neurolo- 
gist, the physiologist, the psychologist, 
the pharmacologist and the chemist.” 
Foreword, Winfred Overholser. 


“This volume is not a reference in- 
tended for use at the introductory stu- 
dent level. It can be reviewed with in- 
terest, however, by any serious member 
of the reading public.” American Journal 
of Pharmaceutical Education, July 1956. 


At all book stores or write 


American Association 
for the 
Advancement of Science 


1515 Massachusetts Ave., NW 
Washington 5, D.C. 








HERE’S A QUALITY 
STUDENT MICROSCOPE 


AT A BUDGET PRICE! 


Although budget priced, the 
UNITRON Model MUS is definitely 
not just another student microscope. 
It includes these significant features 
often lacking in much more costly 
student models: 


e NOT JUST a disk diaphragm... 


but an iris diaphragm for perfect 
control of aperture. 





e NOT JUST a single focusing con- 
. trol... but both coarse and fine. 


e NOT JUST a mirror... but a 
condenser for optimum illumina- 
tion and resolution. 


¢ NOT JUST one objective... but 
three: 5X, 10X, 40X. 


e NOT JUST one eyepiece... buta 
choice of two from 5X, 10X, 15X. 


Durable, sturdy — ideally suited 
to withstand the use and abuse of 
classroom and laboratory. 


Only hy f- | 


F. 0. B. Destination 
Quantity discounts start at 3 — Only $65.12 each for 25 


UN/ITRON 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET BOSTON 9, MASS. 






Please rush UNITRON's Microscope Catalog. S$3b 
Name. 





Company. 

Address 

City. State. 
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23-27. American Assoc. of Bioanalysts, 
natl., New York, N.Y. (L. D. Hertert, 
AAB, Suite 1049, 490 Post St., San Fran- 
cisco 2, Calif.) 

24-25. Eastern States Health Education 
Conf., New York (I. Galdston, New York 
Acad. of Medicine, 2 E. 103 St., New 
York 29.) 

24-25. Nutrition Conf., 4th annual, 
Detroit, Mich. (J. M. Orten, Dept. of 
Physiological Chemistry, Wayne State 
Univ., College of Medicine, 1401 Rivard 
St., Detroit 7.) 

24-26. International Scientific Radio 
Union, spring, Washington, D.C. (J. P. 
Hagen, National Acad. of Sciences, 2101 
Constitution Ave., NW, Washington 25.) 

24-26. West Virginia Acad. of Science, 
annual, Morgantown. (M. Ward, Glen- 
ville State College, Glenville, W. Va.) 

24-26. Wildflower Pilgrimage, 8th an- 
nual, Gatlinburg, Tenn. (A. J. Sharp, 
Dept. of Botany, Univ. of Tennessee, 
Knoxville. ) 

25-26. American Assoc. of University 
Professors, annual, Denver, Colo. (R. K. 
Carr, 1785 Massachusetts Avenue, NW, 
Washington 6.) 

25-26. Georgia Acad. of Science, an- 
nual, Emory Univ., Emory. (M. T. Clark, 
Chemistry Dept., Emory Univ., Emory, 
Ga.) 

25-26. Louisiana Acad. of Sciences, an- 
nual, Shreveport. (H. B. Boudreaux, 
Louisiana State Univ., Baton Rouge 3.) 

25-26. South Dakota Acad. of Science, 
annual, Rapid City. (J. M. Winter, Bot- 
any Dept., Univ. of South Dakota, Ver- 
million. ) 

27-1. American Ceramic Soc., 60th an- 
nual, Pittsburgh, Pa. (C. S. Pearce, ACS, 
4055 N. High St., Columbus 14, Ohio.) 

27-1. Electrochemical Soc., spring, New 
York. (H. B. Linford, ES, 1860 Broad- 
way, New York 23.) 

27-1. Society of American Bacteriolo- 
gists, 59th annual, Chicago, Ill. (E. M. 
Foster, Univ. of Wisconsin, Madison 6.) 

27-1. Southwestern and Rocky Moun- 
tain Div., AAAS, annual, Las Vegas, N.M. 
(M. G. Anderson, New Mexico A.&M. 
College, Las Cruces. ) 

28-29. Automatic Control in the Petro- 
leum and Chemical Industries, 3rd annual 
conf., Norman, Okla. (M. L. Powers, Ex- 
tension Div., Univ. of Oklahoma, Nor- 
man. ) 

28-3. Engineering Societies of Western 
Europe and the United States, conf. 

(closed), New York. (C. E. Davies, Amer- 
ican Soc. of Mechanical Engineers, 29 W. 
39 St., New York 18.) 


May 


1-3, American Physical Soc., Washing- 
ton, D.C. (K. K. Darrow, APS, Columbia 
Univ., New York 27.) 

1-3. Kansas Acad. of Science, annual, 
Ottawa. (C. T. Rogerson, Dept. of Bot- 
any, Kansas State College, Manhattan. ) 

1-3. Midwestern Psychological Assoc., 
Detroit, Mich. (D. W. Fiske, Dept. of Psy- 
chology, University of Chicago, Chicago 
37). 

1-8. American Soc. of Tool Engineers, 
26th annual, Philadelphia, Pa. (ASTE, 
10700 Puritan, Detroit 38, Mich.) 


(See issue of 21 February for comprehensive list) 


LETTERS 


The editors take no responsibility for 
the content of the letters published in this 
section. Anonymous letters will not be con- 
sidered. Letters intended for publication 
should be typewritten double-spaced and 
submitted in duplicate. A letter writer 
should indicate clearly whether or not his 
letter is submitted for publication. For ad- 
ditional information, see Science 124, 249 
(1956) and 125, 16 (4 Jan. 1957). 


Training of Science Teachers 


In the December issue of The Scien- 
tific Monthly [85, 320 (1957) ], Fletcher 
G. Watson advances a plan for the train- 
ing of science teachers that may be suit- 
able for teachers of physical science but 
is very inadequate for prospective teach- 
ers of biology. He proposes that the 
“biology teacher” have general inorganic 
chemistry (with qualitative laboratory), 
organic and quantitative chemistry, 
mathematics through the calculus, and 
introductory and atomic physics, plus 
geology and astronomy and_ probably 
meteorology, but only one year of intro- 
ductory biology plus a semester of verte- 
brate physiology and one of plant physi- 
ology. 

It does not seem to bother Watson 
that his “biology teacher” will have no 
intensive courses in botany and zoology 
and interrelated fields other than the 
two years mentioned. It bothers me very 
much. He thinks “Geology is important 
for considerations of paleontology and 
evolution, while astronomy involves 
atomic and nuclear physics and the ‘big 
questions’ of cosmogony.” One can 
hardly deprecate these aims, but surely 
it would be more useful for our “biol- 
ogy teacher” to be well informed with 
regard to plant and animal biology and 
the integrating disciplines, so that he 
might consider the “big questions” of 
biology. 

Watson thinks “genetics, cytology, and 
biochemistry are desirable but might be 
delayed to a fifth year or summer 
school.” He seems to think that these 
are less relevant to the preparation of a 
biology teacher than astronomy, atomic 
physics, or geology. He does not even 
mention microbiology, morphology, or 
taxonomy. 

It is not uncommon for physical sci- 
entists to lack appreciation of the scope 
of the biological sciences, but it seems 
doubtful that many would plan so scant 
a biology major. The de-emphasis of bio- 
logical science has been so consistently 
practiced that, in the popular mind, the 
biological sciences are seldom thought 
of when the word science is used. Biolo- 
gists have been especially lax in correct- 
ing the imbalance, as well as in point- 

ing out to their colleagues in the physi- 
cal sciences that the biological sciences 
are at least as broad in scope and as de- 
tailed in depth as the physical sciences. 
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Measure Time 
Intervals to 0.25 
Milli-Microseconds 


with the Eldorado 
time-to-pulse-height 
converter 





The Model TH-300 is an analog-to-analog 
converter which transforms time to ampli- 
tude. Covering the time range from 1 to 3000 
milli-microseconds, the TH-300 provides, for 
each time interval measurement, an output 
pulse with amplitude proportional to time. 
The converter can be coupled to a pulse 
height analyzer or oscilloscope for readout. 
APPLICATIONS 
Neutron time-of-flight measurements... 
half-life determinations of short-lived 
isotopes .. . determination of short-time 
decay in isomeric states ... fast coinci- 
dence studies...delay line calibration... 
transient time studies. 


Price $795.00 


Write for complete technical information. Address Dept. $3 


HEiidorado 
EXlectronics 


2821 TENTH ST. e BERKELEY 10, CALIFORNIA 





Disposable 
DOG CARCASS & 
AUTOPSY ROOM BAGS 


creped and 
laminated 
waterproof 
kraft with 
leakproof 
seams, 


30” wide 
48” high 


ea. 

1000 32¢ 
500 35¢ 
100 39¢ 


Disposable Waterproof 
CAGE LINING 


$9.72 a roll of 1800 square feet. 
36” wide — 600 feet long. 


Other widths as well as sheets to meet 
your requirements are available to 
order, 


Take the mess out of cage cleaning — 


Place a sheet in pan, put sawdust on 
top if desired. 


BUSSE HOSPITAL PRODUCTS 
64 E. 8 St., N.Y. 3, GR 5-8783 
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There are other phases of Watson's 
article that seem regrettable. For ex- 
ample, he argues against the “good solid 
major” in science for the secondary 
school teacher, for, among other things, 
“Already those with a strong but narrow 
major are too attractive to industry and 
the Government.” Does this mean that 
he wants us to have teachers so ignorant 
that no one else will want them? 

The attack on the “good solid major” 
and the repetitious invective against the 
“narrowly trained specialist” are of 
course not new, but more of the anti- 
intellectual propaganda that we have 
too long tolerated, and in consequence 
of which great damage has been done 
to the training of teachers and the edu- 
cation of our youth. It would seem to 
be the urgent responsibility of those who 
are concerned about the improvement of 
American education to reject the falla- 
cious notion that a teacher can be too 
well educated in his subject and to insist 
that our teachers be more thoroughly and 
intensively trained in the fields that they 
are required to teach. We need teachers, 
at all levels, who can inculcate a real 
love of learning and an appreciation of 
the nature of knowledge, and who will 
inspire young minds to genuine scholarly 
activity and exploration of science. Such 
teachers will need more than survey 
courses in their chosen fields. 

SypNEY S. GREENFIELD 
Rutgers University, Newark, New Jersey 


Sydney Greenfield’s letter merits a re- 
ply because it illustrates the traditional 
position and line of argument taken for 
years by those in special areas of science. 
I had anticipated comparable complaints 
from the chemists, the physicists, and the 
earth scientists because I had proposed a 
training program with some _ balance 
among several fields. There seems to be 
an unwillingness to look realistically at 
the responsibilities of science teachers 
actually employed in the schools and at 
how they are to be “trained in the fields 
they are required to teach.” Certainly 
it is easier to contend that the pattern 
of courses offered for a departmental 
major is necessarily the best possible 
preparation for teaching science than to 
look realistically at the task required of 
teachers (whether we like it or not) and 
attempt to prepare them for beginning 
this important work. With Greenfield’s 
first four paragraphs I might agree, ex- 
cept for the obvious misquotation re- 
garding my suggested program of study, 
during the four undergraduate years, for 
a potential teacher of biology and gen- 
eral science. The actual statement was: 
“The biology-general science major 
should include organic chemistry, which 
is essential to an understanding of mod- 
ern biology. Atomic physics would also 
be helpful, for radioisotopes are playing 
an increasingly important role in biolog- 
ical investigations. Some instruction in 
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geology and astronomy should be in- 
cluded. Geology is important for con- 
siderations of paleontology and evolu- 
tion, while astronomy involves atomic 
and nuclear physics and the ‘big ques- 
tions’ of cosmogony. These four courses, 
plus the four basics, would total 48 se- 
mester hours and still allow time for 
| three half-courses or more in advanced 
biology. . . . The choice of courses for 
a ‘most desirable’ program is a difficult 
one, but it can be approached realisti- 
cally in terms of the teacher’s responsi- 
bilities.” 

In pargraph five Greenfield mischiev- 
ously implies that teachers prepared ac- 
cording to an undergraduate program 
such as I outlined would “be so ignorant 
that no one would want them.” He has, 
of course, missed the central point of my 
paper: that teaching science is an impor- 
tant task for which special preparation is 
necessary. To contend that future pro- 
fessional chemists need special training 
that differs from that of future biologists 
does not imply that one field of work is 
more important than the other; they are 
just different, and each requires special 
preparation. The same is true of sci- 
ence teaching in the secondary schools, 
which now involves over 65,000 teach- 
ers throughout the country. The past at- 
tempts to train future science teachers 
as single-subject majors fail on two ac- 
counts. First, they do not provide the 
schools with teachers adequately trained 
in science. Second, too many of the more 
promising potential teachers are lured 
out of the schools by much higher sal- 
aries currently available in industry and 
the government. On either basis, the 
schools and our children lose, 

Greenfield neglects the appalling fact 
that, at present, only about 3000 new 
science teachers, qualified by whatever 
meager standards are set by the separate 
states, enter the schools each year, when 
some 7000 are needed. As a result, biol- 
ogy, which enrolls more students (1,200,- 
000) than physics and chemistry com- 
bined, is frequently taught by individuals 
with far less preparation than even the 
two and a half to three years of biology 
I recommended. For example, in a re- 
cent addition to the many studies of 
teachers, M. O. Pella [The Status of 
Science Offerings in Wisconsin in 1955- 
56, Univ. of Wisconsin (1956)] found 
that in Wisconsin, in which state 83 per- 
cent of the 445 high schools enroll less 
than 500 pupils, biology was taught by 
514 different individuals. Of these, 88 
taught only biology. Ninety-nine others 
taught science (including biology) full- 
time, while 327 taught biology and other, 
nonscientific subjects. Of the 327, 114 
also taught physical education, 77 taught 
social studies, and 67 taught mathe- 
matics. Probably, if the facts were avail- 
able, New Jersey would present a com- 
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parable picture. These facts are not 
pleasant to contemplate, but they define 
the real problem, which academic wish- 
ful thinking will not overcome. 

In the final paragraph, the emotion- 
ally loaded terms “repetitious invective” 
and “anti-intellectual propaganda” are 
not becoming a professor or Science. 
The damage to the training of teachers 
and the education of our youth has 
hardly been the result of the many pro- 
posals, which far exceed, in scope, the 
actual training of those who teach our 
children every day. The unwillingness of 
science professors to design effective 
training programs based on a knowledge 
of the facts has contributed materially 
to our present difficulties. The problem 
is serious, especially so now when near- 
panic is evoking extravagant public state- 
ments about the schools and those who 
teach in them. Answers to the question 
of what pattern of undergraduate study 
is most desirable for the future science 
teacher is squarely up to the collegiate 
departments which continue to supply 
most of the science teachers for secon- 
dary schools, Invectives may draw a 
chuckle, but they hardly constitute a 
thoughtful or realistic appraisal of a 
desperately serious problem, which must 
be met by the science faculties of our 
colleges and universities. 

FLETCHER G, WATSON 
Graduate School of Education, 
Harvard University, 
Cambridge, Massachusetts 


Nuclear Tests and Ethics 


In addition to the many social aspects 
of the radiation problem discussed in the 
AAAS symposium at the Indianapolis 
meetings, there is one that seems not to 
have been dealt with in detail, perhaps 
because it is obvious or because it ap- 
pears unimportant. I have in mind the 
question whether nuclear bomb tests are 
in any sense permissible from the view- 
point of science. 

There has been much talk during the 
last years about the formulation of a 
code of ethics for scientists. It should, 
however, be realized that much of this 
code already exists implicity in the ac- 
tual practice of science. In particular, 
scientists have accepted a rather strin- 
gent code of safety precautions in their 
research work. The individual researcher 
is still at liberty to endanger his own life 
in pursuit of truth. Any danger to his 
fellow workers or to the community at 
large is, however, sedulously guarded 
against. 

Nuclear bomb testing is often talked 
about as involving risks. Thus, Willard 
Libby in his letter to Albert Schweitzer 
has spoken of the risk from world-wide 
radioactive fallout. It has become clear 
now, from genetic and medical studies, 








that it is not a risk but a certainty that 
every nuclear weapon tested will kill a 
certain number of people. 

Harrison Brown, California geochem- 
ist, has put it this way: “We would not 
dream of lining thousands of people 
against a wall and shooting them down 
in order to test a new machine gun. But 
this, in effect, is what the U.S., the 
U.S.S.R. and the U.K. do when they 
test these fantastic new weapons. We do 
not know who the people are who are 
afflicted, but we know that with little 
question many people are killed as a re- 
sult of these actions.” 

Experiments of this kind should be 
publicly and officially condemned by the 
scientific community as having no place 
in the pursuit of science whatsoever. A 
similar principle was enunciated by the 
Nuremberg courts in sentencing the doc- 
tors who performed experiments on con- 
centration camp victims. The knowledge 
obtained from nuclear tests is tainted 
knowledge, knowledge obtained at the 
price of human individuals, belligerent 
or neutral, friend or enemy, innocent or 
guilty. If science will not proclaim its 
condemnation of such experiments, the 
verdict of history will do so in the future, 
and science will be condemned with 
them. As scientists we surely have learnt 
that the pursuit of knowledge cannot be 
the ultimate goal, but must always re- 
main subservient to human values. 

If scientists condemn such tests as hav- 
ing no place in science, the only justifi- 
cation for the tests remains that of mili- 
tary necessity. We are told that the 
“risks” of radiation damage must be 
weighed against the risks of exposure to 
Communist domination. If these are in 
effect the only alternatives, the West is 
morally doomed. If the high ideals of 
democracy can only be defended through 
the indiscriminate spreading of leukemia, 
then it may be asked whether democ- 
racy is worth the price. But why have 
we so slavishly accepted the dogma that 
there are no alternatives? 

Some months ago the British Govern- 
ment issued a White Paper in which it 
concluded that Great Britain could not 
be defended militarily against nuclear 
attack. Commander Stephen King-Hall, 
noted news commentator, drew atten- 
tion to the obvious implication—namely, 
that British subjects must develop non- 
military means of defense against Com- 
munism. Such a path will become more 
and more necessary in this country also 
as technical knowledge advances. Could 
the scientific community, in order to 
preserve its own integrity, call on our 
government to proceed speedily with the 
exploration of paths, no matter how 
novel, by which both Communism and 
genetic deterioration might be avoided? 

O. T. BENFEY 
809 Southwest Fifth Street, 
Richmond, Indiana 
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Carbohydrates Biochemicals 
* 
60 years’ experience 
in the preparation of Difco products assures 
UNIFORMITY STABILITY ECONOMY 
. 
Complete Stocks Fast Service 24-hour Shipment 
* 


Difco Manual and other descri*ive 
literature available on request 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
























SOILS: An Introduction to Soils 
and Plant Growth 
by ROY L. DONAHUE, Kansas State College 


A new working text for students of agronomy and 
its allied fields. Part I: “Fundamentals of Soil Sci- 
ence” is devoted to soils and their fundamental 
aspects, including soils in relation to plant nutrition, 
soil formation, and the chemical, physical and bio- 
logical characteristics of soil, science. Part II: “Ap- 
plied Soil Science” gives recommended practices for 
liming; the use of fertilizers; tillage; soil and water 
conservation, and soil management in the various 
regions. Provides material on practical uses of or- 
ganic matter, soil management in arid regions, and 
the application of liquids and gaseous fertilizers. 
Orients the student toward the primary purpose of 
the soils; the use of soil for growing plants. Presents 
soil management on a regional basis. Includes an 
unusual chapter on Plant Nutrition. Included in the 
appendices: Comprehensive glossary; table of con- 
version factors; table of atomic weights and val- 
ences, for use of soil chemistry calculations. Sum- 
mary and questions at the end of each chapter. 


Approx. 384 pp. @ Pub. March ‘58 @ Text price $6.75 


To receive approval copy promptly, 
write: BOX 903 


PRENTICE-HALL, Inc. 








Englewood Cliffs, New Jersey 











































GLASS ABSORPTION 
CELLS ="y° KLETT 















































































































Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 

















Klett Manufacturing Co. 


179 East 87 Street, New York, New York 

















EQUIPMENT NEWS 


The information reported here is ob- 
tained from manufacturers and from 
other sources considered to be reliable. 
Science does not assume responsibility 
for the accuracy of the information. A 
coupon for use in making inquiries con- 
cerning the items listed appears on page 
614. 


® LOGARITHMIC PICOAMMETER reads from 
10-11 to 10-5 amp without range switch- 
ing. The meter is designed for monitor- 
ing rapidly varying currents in nuclear- 
reactor control. Polarizing potential of 

























ascending chromatograms? 


IN ADDITION — 


rable working surface. 


Write for 
Bulletin 125-A 
or 
contact your 
authorized 


RSCo dealer yAelels 


PRICE, complete with 4 trough assemblies............. 


REGISTERED TRADEMARK 


HOPKINS ST. 


+216 v is provided. Accuracy is within 
+0.02 decade, and zero drift is less than 
0.05 decade in 24 hours. Typical re- 
sponse times are sthall fractions of a 


second. (Keithley Instruments, Inc., 
Dept. $953 
@ ATOMIC MODELS for constructing or- 


ganic metal chelate compounds are de- 
signed according to the method of Stuart 
and Briegleb and sealed to a magnifica- 
tion of 1.5 x 108. Four models represent 
various central metal atoms; six others 
represent various linkages. 
LaPine & Co., Dept. S948) 


Arthur S. 


HIGH QUALITY 
FEATURES 


» Glass wool insulation 





» Large capacity troughs 
a Full width drawer 








a Formica lining 
« Solvent refill holes 
» Leveling feet 


The RSCo Model 125 combines all | 


the functional features which for 


years have characterized Chroma- | 
as the outstonding value | 


tocabs 
in paper chromatography. 


COMPARE the PRICE and ask — 
Where else con you find in one cabinet the corrosion resistance 


of a Formica lining PLUS the insulation afforded by glass wool 
PLUS the convenience of a drawer for cleaning and for set-up of 


~ An especialiy large triple-pane window lets you see the troughs 
when introducing solvent through refill holes in the lid. 


—- The flat top of the cabinet is Formica-covered to give a du- 


$300.00 


RESEARCH SPECIALTIES CO. 


= 18 14 le ee yD 








™@ HIGH-SPEED, SEQUENTIAL IMAGE CAM- 
ERA uses a converter tube with magnetic 
focus and magnetic deflection. The 
cathode is l-in. in diameter, the screen 
about 334 in. Six sequential pictures, 
each approximately 22-mm square, can 
be presented on the screen. Five ex- 
posure times, from 0.1 to 10 usec, are 
available. Repetition rate can be up to 
5000 per second. (Hett Associates Inc., 
Dept. S936) 


“CIRCUIT TESTER is programed by per- 
forated tape to perform production and 
maintenance tests, including measure- 
ment of impedance, voltage, resistance, 
leakage, and continuity. For each meas- 
urement, any two points are selected 
from 300 test leads by a crossbar switch- 
ing unit. Bridges are used to compare 
the value observed with reference stand- 
ards contained within the instrument. 
Accuracy is +1 percent for impedance 
and a-c voltage and +0.5 percent for 
resistance and d-c voltage. An accessory 
printer for making permanent records 
of tests is available. (California Tech- 
nical Industries Division of Textron 
Inc., Dept. $941) 


S® VACUUM ARC FURNACE utilizes either 
consumable or nonconsumable electrodes 
for production of experimental quanti- 
ties of high-purity metals. A 0.5-lb charge 
of titanium, or an equivalent amount of 
other metals, can be handled. Furnace 
pressure can be held at any value from 
2 lb/in.? above atmospheric pressure to 
10 w-Hg. A high-frequency arc starter 
is provided to draw the initial arc with 
the material to be melted. (Vacuum 
Equipment Division, New York Air 
Brake Co., Dept. $942) 


® VOLTAGE AND CURRENT CALIBRATOR, for 
measurement of pulse amplitudes, sam- 
ples two variable calibrated reference 
voltages and the signal to be measured 
and displays them, superimposed, on an 
oscilloscope. The two reference voltages, 
of 0.001-percent stability, may be set to 
define a tolerance range or may be ad- 
justed to the same value as the signal 
for amplitude measurement. Ten ranges 
cover 0 to 500 v and 0 to 1000 ma. Zero- 
suppression permits use of a high-gain 
oscilloscope. (Electro-Pulse Inc., Dept. 
$943 ) 


™ WAVEFORM TRANSLATOR provides a 
means for plotting repetitive wave- 
forms representing frequencies up to 20 
kcy/sec on conventional X-Y plotters. 
The instrument is designed to accept 
signals from an oscilloscope but may be 
used independently, Stroboscopic sam- 
pling of the signal waveform is the 
method used to match the rapidly vary- 
ing pattern to the speed of the plotter. 
Intensity modulation of the oscilloscope 
trace allows the operator to observe 
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Searching for One 
Dependable Source for 
All Your Research 
Biochemical Needs 


NUTRITIONAL BIOCHEMICALS 
CORPORATION offers you 
quality that merits your 
complete confidence . . . 
service you can always rely 
upon... plus the economy 
of lowest possible prices. 

A COMPLETE SELECTION OF 


MORE THAN 300 AMINO ACIDS AND PEPTIDES 
Typical Amino Acids 











Glutamine Valine, D, DL, L 
Phenylalanine, D, DL, L Ornithine, DL, L 
Homoserine Dopa, D, L, DL 
Homocysteine Asparagine, D, L, DL 
Histidine Serine, D, L, DL 


NUTRITIONAL 
BIOCHEMICALS 



























CORPORATION 


21010 Miles Avenue ... Cleveland 28, Obio 
New Catalo 
Feb. 195) 






Write For 


Over 2100 Items 
Write Dept. 102 





OH.. 
»IPETTE PRICES 
UP Agace 7 


Geo... BUT NOT Witt BELLCO 


You can still buy the highest quality in ‘“‘hard’’ 
or ‘‘soft’” glass pipettes at savings up to .40 
each . . . as a result of our direct-to-consumer 
sales policy. Bellco pipettes are not available 
through laboratory supply distributors. 








Check these points of proven quality: 


e Accurate . . . calibrated to Fed. Spec. DDV- 
581A and N.B.S. C-434. 


e Durable . . . permanent fire-fused graduations. 
e Uniform . . . accurately controlled tip orifices. 


WRITE FOR CATALOGUE BS-2 TODAY! 


BELLCO GLASS INC. 


DEPT. 50, VINELAND, N.J. 
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MICRO- 
PROJECTION 


VIEWSCOPE 


. Fits ANY microscope with a monocular tube! 











6 ites versatile Micro-Projection Viewscope, exclusive 
development of Reichert, is an invaluable aid in 
science teaching and research in every field in which 
the microscope is used . . . Bacteriology, Pathological 
Histology, Embryology, Cytology, Entomology . . . 
plus innumerable industrial applications including the 
analysis of powders, crystals, fibers, etc. 


Match these outstanding 
features against your needs! 


e 5” diameter Fresnel Lens 


viewing screen. 


@ Unique prism system pro- 
duces brilliant and clearly 
defined images. 


e Permits convenient observa- 
tion and analysis of every 
detail of specimen without 
eyestrain. 


@ Quick and easy to attach. 
Requires no special adjust- 
ment. 


e Simple to operate! Elimi- 
nates inconvenient and 
time-consuming set-ups con- 
nected with ordinary pro- 
jectors. 





REICHERT “ZETOPAN” 


e Available in Ivory or Black WITH VIEWSCOPE 


finish. 


For complete specifications and prices, write 





& CO. 


WILLIAM J. HACKER ‘we. 


82 Beaver St., New York 5.N.Y. 
BO. 9-8750 















momentary plotting positions as the 
waveform is scanned. The translator 
can plot Lissajous patterns, hysteresis 
loops, or complete families of curves. 
(Transdata, Dept. S945) 


MGLASS-ENCLOSED CRYSTALS are de- 
signed to provide accurate frequency 
control in the range from 1 to 15 
kcy/sec. Components are hermetically 
sealed in glass bulbs with Noval base. 
Che crystals are operable over the tem- 
perature range —55° to +100°C with 
+0.02 percent stability. (Dynamic Cor- 
poration of America, Dept. S946) 


® MASS-SPECTROMETER DIGITIZER converts 
analog spectrometer output to provide 
tabulated digital data. The amplitude 
and mass number of each spectrum peak 
are converted into a signal to a parallel- 
entry paper-tape printer. The converter 
operates at the normal scanning rate of 
the spectrometer. Components include a 
control unit, a peak-amplitude digitizer, 
a mass-number digitizer, and a power 
supply. Printing with simultaneous oper- 
ation of a card or tape punch can be 
provided. (Consolidated Electrodynam- 
ics Corp., Dept. S947) 


"TEACHING MICROSCOPE is standard in 
size and operation. A prefocusing gage 
reduces damage to objectives and slides. 
Fine adjustment provides tube travel of 
0.25 mm/rev with a total range of 1.5 
mm. The eyepiece is locked in but can 
be removed easily. (Bausch & Lomb 
Optical Co., Dept. $949) 


™ ACCELEROMETER, of differential-trans- 
former type, incorporates a_ self-con- 
tained calibration system which can be 
used to check operation during use. The 
calibration feature comprises a force- 
generating device which applies a force 
to the seismic system in proportion to 
the electrical excitation applied. The 
natural frequency is approximately 30 
cy/sec, and the operating temperature 
range is from — 65° to + 250°F. (Gulton 
Industries, Inc., Dept. S950) 


™ PULSE-HEIGHT ANALYZER of 100 chan- 
nels uses quartz-delay-line data storage 
as originally developed by Hutchinson 
and Scorrott. The pulse-height spectrum 
is printed out on paper tape; both chan- 
nel number and pulse count are re- 
corded decimally. The count in each 
channel may be viewed on a monitor 
oscilloscope. A choice of 0.2- or l-v 
channel width is provided. Capacity is 
10° counts in each channel. Over-all 
average dead time is 510 msec. Acces- 
sories available include a digital-to-ana- 
log converter for plotting spectra. (Tech- 
nical Measurement Corporation, Dept. 
$951) 

JosHua STERN 
National Bureau of Standards 
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CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCLENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week) 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 as Ave., NW 
Washington 5, 


$26.00 per inch 
24.00 per inch 

















NII POSITIONS OPEN fli 





Anatomist. Assistant professor or instructor for 
medical and dental school teaching, prefer per- 
son experienced in teaching of gross anatomy. 
Box 49, SCIENCE. a/¢, 34 





(a) Associate Medical Director; preferably 
physician experienced in pharmaceutical field; 
major company, East. (b) Analytical Chemist 
preferably with bioanalytical experience and, 
also, industrial experience, biochemistry or de- 
velopment chemist with master’s or higher 
and experienced in isolation of natural com- 
pounds and chemical engineer experienced in 
fermentation or chemical pilot plant work; large 
industrial company; Pacific Coast. (c) Head, 
Department of Biological Sciences; duties in- 
volve supervision and scientific leadership of 
established group of professional and support- 
ing personnel; should be specialist in one o 
biological sciences, Ph.D. or M.D.; consider- 
able industrial experience required; one of lead- 
ing research companies; outstanding opportun- 
ity. (d) Chemist qualified in microbiology to 
direct research laboratory, major industrial com- 
pany; university city, East; $10,000-$12,000. 
$3-2 Medical Bureau, Burneice Larson, Direc- 
tor, 900 North Michigan Avenue, Chicago. X 





M.D., Pharmacologist, experienced with success- 
ful career in academic and/or industrial re- 
search and ability to work with teams. To assist 
in scientific direction of pharmacology labora- 
tory of one of the largest pharmaceutical com- 
panies, Midwest location, Excellent chance for 
the right man to head department in the near 
future. All correspondence will be treated in 
strict confidence. Box 54, SCIENCE. 

3/14, 21, 28 





NEW WORLD-WIDE GRADUATE 
AWARD DIRECTORY. First compilation ever 
prepared for American scientists, teachers, and 
librarians to subsidize their education and re- 
search in more than 350 universities in 45 states, 
30 foreign lands. Stipends $200-$10,000. Com- 
plete information. Just published. Send $2 now. 
CRUSADE, Sci., Box 99, Station G, Brooklyn 
22, (N.Y. .eow 





SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ i oo 
and vacancies listed free. 1 issue, $1.00. Yearl 

(12 issues) membership, $5.00. CRUSAD 

SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 


“OUR PREVIOUS AD 





created a great deal of interest, 
for which we are grateful. Addi- | 
| tional advertising in your magazine 
: is contemplated.” 
De ce es ce se cs ce ce ee ce ce ce eee cos cs es ce om! 








Nii POSITIONS OPEN |i 





Biologist, Ph.D. Eastern liberal arts college 
beginning September. Box 67, SCIENCE. 3/21 














Pharmacologist 
Ph.D. or M.S. 


Applicants should prefer- 
ably have experience in in- 
dustrial toxicology. We will 
consider applicants with a 
background in pathology or 
physiology. 


Candidates should be able 
to design and carry out all 
phases of chronic toxicol- 
ogy experiments. They 
should also have the poten- 
tial to assume supervisory 
responsibility for pharma- 
cological research projects. 


We are a progressive phar- 
maceutical company lo- 
cated in a pleasant suburb 
of Chicago. 


Please reply stating, edu- 
cation, experience, per- 
sonal data and salary re- 
quirements to Box 61, 


SCIENCE. 























(a) Virologist; B.S., M.S. microbiologist to 
assist in basic virus research problems; tissue 
culture, chicken embryo inoculation experi- 
ence required; minimum $5700; important 
eastern pharmaceutical concern. (b) Pharma- 
cologist; Ph.D. with small animal experience, 
head well- equipped animal laboratories; food, 
pharmaceutical consultants; exceptionally good 
new facilities; to $8000 plus fringe benefits, 
bonus; Midwest. (c) Biochemist; M.S. pre 
ferred; supervise eight in busy department; 
university-affiliated large general hospital; to 
$7800; Mideast. (d) Bacteriologist; full charge 
of department, laboratory supervised by two 
patnoneeee: $5100 up; scenic western location; 
300-bed hospital. (e) Research Pharmacologist; 
Ph.D. with CNS or cardiovascular training; 
basic research new medicinal compounds; able 


to work independently, write reports, evaluate 
findings; minimum $7500; East, Woodward 
Medical Bureau, 


Ann Woodward, Director, 
185 North Wabash, Chicago. xX 





ii POStr10NS WANTED || 





Biologist. B.S., horticulture, M.S., genetics; 
h.D., physiology ; now teaching, research at 
northeastern university; publications; specialties 


hormones, developmental genetics, flowering. 
Desires teaching, research outside Northeast. 
Box 51, SCIENCE. 3/14 





Chemist (major, general chemistry; minor, bio- 
chemistry); 6 years, associate professor, bio- 
chemistry, one of leading universities; 8 years, 
director of research, pharmaceutical company. 
Medical Bureau, Burneice Larson, Director, 900 
North Michigan Avenue, Chicago. x 
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iiliiiii| POSITIONS WANTED ij) 





Administrative Assistant to executive in bio- 
logical or medical research organization. Ex- 
tensive secretarial, academic, and editorial ex- 
perience; college education. Box 65, SCIENCE. 

x 





Biochemist, Ph.D., 30, single; 4 years of 
medical and graduate teaching. Publications in 
protein metabolism and enzymology. Teaching 
and research position desired. Box 66, SCI- 
ENCE. 3/21, 28 





Comparative Anatomy; embryology; ecology. 
A.B., M.S., Ph.D. expected February 1958; 
28. Desires’ academic position September 1958 
Philadelphia area or New England. Box 63, 
SCIEN x 





Pitombboabet, M.S., broad background biologi- 
cal sciences, seeks position applied agricultural 
research. Agricultural experience includes 3% 
years Hawaiian sugar industry. Reply to P.O. 
Box 54, Papaikou, Hawaii. x 








Endocrine Physiologist, Ph.D., age 35. Pres- 
ently assistant professor engaged in graduate 
and undergraduate teaching and research in en- 
docrinology and general physiology. Publica- 
tions. Desires to relocate. Academic or research, 
Box 64, SCIENCE. x 





Experimental Pathologist, background in bac- 

teriology and bone marrow, research project 

leader, major company. Desires research posi- 

tion in animal pathology. Box 62, os cay 
3 





Personnel; 16 years varied research and admin- 
istrative experience with scientific, support and 
operating personnel. Recruiting, evaluating, and 
developing. Earnings, $11,000. Box 60, SCI- 
EN 








The Market Place 


BOOKS + SERVICES » SUPPLIES * EQUIPMENT 








DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


$26.00 per inch 
24.00 per inch 
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+ ” 

albino rats \ 
*Descendants of the * ? 
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istar Strains . 
e 
Hypophysectomized 
Rats 
wane -* a FOSTER, * call M. 


dent and Direc’ 
THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 














Sprague-Dawley, Inc. 
Pioneers in the development of the 
standard laboratory rat. 
Sprague-Dawley, Inc. 


P.O. Box 2071, Madison 5, Wisconsin 
Phone: CEdar 3-5318 
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LaWall & Harrisson 


RESEARCH & CONTROL LABORATORIES 
Div. S, 1921 Walnut St., Philadelphia 3, Pa. 


Food & Drug pRoBLems 
Pharmacological ifmen oo 
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ALBINO RATS 
SWISS MICE 


Price lists on request 
DAN ROLE. co. 
Lpine 6 


Ph. 
Route 3, Syene Read, Madison, Wisconsin 

















Histology 
for 
Industry and Research 
George L. Rozsa, M.D. 


143 Linwoed Ave. Buffale 9, New York 

















LOVINS MICRO-SLIDE FIELD FINDER 


Now available directly from 
the manufacturer . . . 





LOVING MICROSUDE 
FIELD FINDER 
MO. 201080180 








Ask for Bull. LMS, W. & L. E. Gurley, Troy, N.Y. 


c-------------- 
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Information Requisition 


Use this easy self-mailer to obtain further information 
It’s simple: Mark — Clip — Fold — Mail 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in Equipment News. 


From: 


Company 


WER ieee Sheek Ce tne 


Zone ... 


(Please print or type) 


Mark, clip coupon — FOLD HERE along this line — stamp, mail 





3¢ 
STAMP 











| a fi, eae 
SCIENCE MAGAZINE 


Room 740 


11 West 42 Street 
New York 36, New York 





Fasten Here Only 
Staple, Tape, Glue 











HoLtTzMAN COMPANY 


The exceptional docility of our rats is evidenced first in the ease in which they can 
be handled. Most important though is the group uniformity of this characteristic. 
Thus, because of their docility, our rats can often be used to better advantage in re- 
search in which growth or internal organic changes are factors under observation. 


Phone ALpine 6-5573 


Rte 4, Box 205 Madison, Wisc. 
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Information Requisition 


Use this easy self-mailer to obtain further information about 
items or literature from the Equipment News section as well 


as from advertised products. 


EQUIPMENT NEWS 


Circle below desired number corresponding to: 


$936 $941 $942 $943 $945 
$947 $948 $949 $950 $951 


ADVERTISERS IN THIS ISSUE 


Check page number in list below of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C, etc.) 
are used to indicate particular items available in order of appearance in adver- 
tisement. Where more than one ad appears on a page, ‘‘U”’ indicates upper ad, 
“L”’ lower ad, “‘I’’ inside ad, ““M” middle ad, and ‘‘O” outside ad. Coupon 
advertisements and advertisements in Personnel Placement and Market Place 
are not keyed. A multiplicity of items are indicated by *. Readers are re- 
quested to specify on this coupon the particular item in which they are 
interested; otherwise, the request cannot be processed. 
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BACTERIOLOGICAL AND _ GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 


ll BOOKS AND MAGAZINES || 











Your sets and files of 
scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
eres files you are willing to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Velumes bought at top prices. 
—_——————-_ Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 


Abrahams Magazine Service; N. Y. 3, N. Y. 














MAMMARY TUMORS IN MICE 
AAAS Publication No. 22 
By members of the staff of the Na- 
tional Cancer Institute, National 
Institutes of Health, U.S. Public 
Health Service 
Edited by FOREST RAY MOULTON 

7¥%" x 11%”, double column, cloth, 
references, 20 tables, 52 illus. Pub- 
lished 1945—New effered at reduced 
price 

$3.00 prepaid orders by AAAS Members, 

$3.50 retail 


AAAS 
1515 Massachusetts Avenue, NW 
Washington 5, D.C. 











THE SCIENTIFIC MONTHLY 


October 1915-December 1957 
Available Issues 


$0.75 per copy * $7.50 per year 


SPECIAL OFFER 


10 copies of one issue .. $ 6.00 
50 copies of one issue .. $25.00 
Postage included in all prices 


AAAS 


1515 Mass. Ave. NW, Washington 5, D.C. 
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N. Y. 
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N EW! ! The lowest-cost ultrasonic cleaning 
and chemical processing unit available oes! 


narda 
SONBLASTER 
$ 175 Generator G-201 sekeben 


Now, no one need put off buying ultrasonic equipment because of cost! 
Narda’s mass production techniques have done it again — this time, a 35-watt 
unit, complete with stainless steel t | ized tank with tremendous activity, 
at the lowest price in the industry—and with a 2-year warranty! 

Hot lab apparatus, medical instruments, electronic components, optical and 
technical glassware, timing h the Narda SonBlaster cleans ‘most any 
mechanical, electrical or horological part or assembly you can think of—and 
cleans faster, better and cheaper. It’s perfect, too, for brightening, polishing, 
decontaminating, Sterilizing, pickling, deburring, and plating; emulsifying, 
mixing, impreg g, and other chemical process applications. 

What's more, two tank sizes are available, and there’s a duty cycle timer 
at only $10 additional. For more information, write to Dept. SC-4. 


SPECIFICATIONS 














Generator Tank 
_Model No. Model No. 


G-201 NT-201 


Interior Tank 
tank size (in.) Capacity Price 
4-5/8 deep x 
3-5/16 diam. V8 gal. $175 

6-1/2 deep x 
G-201 NT-202 4-7/8 diam. 3/8 gal. $210 
Model G-202 Generator (same as G-201, but with duty cycle timer) 
available with either tank above, $10 additional. 
































The SonBlaster catalog line of ultrasonic cleaning equipment ranges from 35 watts to 
2.5 Kw, and includes transducerized tanks as weil as immersible transducers which can be 
edapted to any size or shape tank you may now be using. 


t ’ ¢ e . 
the Hla tC la ultrasonics corporation 
118-160 HERRICKS ROA ¢ MINEOLA, L. I NEW YORK 


Subsidiary of 
The Narda Microwave Corporation 








PHOTOVOLT Densitometer 


for Partition Chromatography 
and Paper Electrophoresis 


A photoelectric precision instrument for the rapid 
and convenient evaluation of strips and sheets 
of filter paper in partition chromatography and 
paper electrophoresis. 

















A Portion of the New Sigma Reagent Catalog 


One of a series of advertisements which will reproduce the 
lat 


comp list. Complete list available promptly on request. 
ACETATE BUFFER 0.15M; pH 6.0 Stock No. 105-3 





16 fl. oz. 4,50 
Inquire 
Inquire 
Inquire 


ACETONE POWDER, Hog Kidney 
21-ACETOXYALLOPREGNANEDIONE (pfs) 
3B-ACETOXYBISNORCHOLENIC ACID 
21-ACETOXYPREGNENOLONE (pfs) 
21-ACETOXYPREGNENOLONE ACETATE 
N-ACETYL-3,5-DINITRO-L-TYROSINE (pfs) 
3-ACETYL PYRIDINE (pfs) 
cissACONITIC ANHYDRIDE (pfs) 
ADENINE, Sigma (pfs) (6-Amino purine) . 
ADENINE SULFATE (pfs) (6-Amino purine sulfate) 
Purified grade available at lower cost 
“AADENOPHOS” AMPULES Sodium Salt of Adenylic Acid. 
(Adenosine-5-Phosphate). Only Sigma AMP is —, 
extracted from muscle. 1Oxlcc 5.75 
20 mg/cc. For |.IM. use. 
tag sb ig - DIPHOSPHATE, Sigma Sodium Salt or Barium Salt. 
95% to | From muscle or yeast. This is the only 
offering in the U.S. actually derived from muscle 1 g 20.50 
ADENOSINE-5-PHOSPHATE, Sigma Sodium vag Food 
tracted from muscle or yeast. phates 2 
phosphate) 800" So g 77.50 
ADENOSINE-5-PHOSPHORIC ACID« 1 H20 sub Crys- 
talline. 99-100% (Muscle Adenylic Acid). er 
Monophosphoric Acid) From Muscle or Yeast. 
ADENOSINE-5-PHOSPHORIC ACID Crystalline net 
Adenylic Acid but prepared by Yeast Fermentation. 3.00 
Sometimes ‘‘pfs”’ 5 810.00 25 g 43.75 60" g 460: 00 
ADENOSINE TETRAPHOSPHATE Sodium Salt Sigma _= 
Muscle, 95-100% Pure. Offered by Sigma for the fir: 
time anywhere. 1 g 150.00 500 mg 90.00 2501 mg 54.00 
ADENOSINE TRIPHOSPHATE, Sigma Disodium 3H:20 
Crystalline, From Muscle or Yeast phosphorylation 
Purity—99-100%. Inorganic P—Approximately 0.3% 
of total P when prepared. Unusually Stable. Pure Crys- 
talline ATP was prepared in the SIGMA laboratories 
for the first time anywhere. Also Dipotassium and 


1g 8.00 


Dibarium (Amorphous) To the best of our knowledge 
there is no legitimate Crystalline Potassium ATP lg 6.40 
ADENYLIC ACID—See Adenosine-Phosphoric Acid. 
L-ALANINE SOLUTION 0.2M, pH 7.5 Stock No. 340-1. 
For determination of SGP-Transaminase 50mli 4.00 
DL-ALANINE SOLUTION—Stock No. 340-3 0.4M pH 7.5. 
Equiv. to 0.2M L-Alanine for determination of SGP-T. 
50m! 3.90 
ALBUMIN, BOVINE, Cryst. (pfs) 1 g 4.00 10 g 35.00 
ALCOHOL DEHYDROGENASE, Cryst. From Yeast. Stock 
No. 340-26. Activity when shipped about 150,000 
units/mg of protein 1 g 125.00 500 mg 73.00 “00 mg 15.00 
ALCOHOLIC KOH, See Potassium Hydroxide 
ALDOLASE, 5 x Cryst. (Suspension) (pfs) 
ALKALINE PHOSPHATASE, See Phosphatase Alkaline 
ALLYL GLYCINE (pfs) 1 “<< 5 g 17.00 
ALUMINA “ee 10-20% Solids. Price based 
Gross Gel. Wet. 10g 7.75 50g 21.50 100 ¢ 35.75 
4-AMINO-5-AMINOMETHYL-2- METHYL PYRIMIDINE 
dIHC! (pfs) 5¢ 5.00 
5-AMINO BARBITURIC ACID, See Uramil 
y-AMINO-n-BUTYRIC ACID (pfs) 1¢2.50 10g 42.00 
4-AMINO-5-CARBETHOXY-2- wets. GOO 5 e150. 
MIDINE (pfs) 00 5¢15.00 10g 25.00 
4-AMINO-5-CARBETHOXY-2- HYDROKY. PYRIMIDINE 
See 5-Carbethoxy Cytosine 
5-AMINO-6-CARBOXY-2,4-DIHYDROXY-PYRIMIDINE 
See 5-Amino Orotic ‘Acid 
4-AMINO-5-CARBOXY-2-ETHYLMER- 50 1 10.00 3 
DINE (pfs) 5 g 40.00 1 g 10.00 500 mg 6.00 
4-AMINO-5-CARBOXY-2-HYDROXY- PYRIMIDINE— 
See Cytosine-5-carboxylic acid 


1 g 100.00 


Other package sizes shown in complete catalog. 
TELEPHONECOLLECT from anywhere in the world 
Day, Station to Station PRospect 1-5750 


Night, Person to Person Dan Broida— 
WY down 3-6418 


SIGMA CHEMICAL COMPANY 


3500 DeKalb Street, St. Louis 18, Mo., U.S.A. 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 
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Microstar’s Building Block Concept of design, exclusive 
with AO Spencer, lets you add parts as new needs arise. 





Special inclined monocular 
and vertical monocular 
bodies available. 35 mm 
camera for crisp inexpen- 
sive photomicrography. 
Coupled system lets you 


coer eet you see. Choice of 3interchangeable 


full 360° rotatable bodies, 
--. monocular, binocular and 

trinocular; inclined for 
Be comfort. 








No other microscope can offer 
you such a wide choice of 
interchangeable parts and 
accessories. 


Focus the stage and the 
specimen to the objectives 
with low positioned coarse 


You can adapt the Microstar to 
your exact neéds with various 
combinations of readily inter- 
changeable bodies, stages, bases 


and fine adjustments. 
Choose from 3 interchange- 
able stages; graduated or 
ungraduated mechanical 


, stages or the new Micro- 


and optics. You have more than 
, Glide circular stage. 


600 possible combinations or 
models to choose from. 


Your Microstar will be “just 
right” for you in convenience, 
comfort and the economy of 
real quality. 


The large fork-type con- 
denser mount allows 

* you to interchange bright- 
field, phase and dark field 
condensers quickly and 
precisely. 


Your choice of interchangeable horse- 
- shoe base with double-plano mirror in 
fork mount, or built-in base illuminafor. 


ge 


ioauplne-” re American Optical 


Microstar story. SPENCER 


Wie for 2 Company 
BROCHURE SB124. 
Dept. C-2 INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 








